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The Science of Team Science: Origins and Themes

The Science of Team Science
Overview of the Field and Introduction to the Supplement

Daniel Stokols, PhD, Kara L. Hall, PhD, Brandie K. Taylor, MA, Richard P. Moser, PhD

Abstract: The science of team science encompasses an amalgam of conceptual and methodologic
strategies aimed at understanding and enhancing the outcomes of large-scale collaborative
research and training programs. This field has emerged rapidly in recent years, largely in
response to growing concerns about the cost effectiveness of public- and private-sector
investments in team-based science and training initiatives. The distinctive boundaries and
substantive concerns of this field, however, have remained difficult to discern. An
important challenge for the field is to characterize the science of team science more clearly
in terms of its major theoretical, methodologic, and translational concerns. The articles in
this supplement address this challenge, especially in the context of designing, implement-
ing, and evaluating cross-disciplinary research initiatives. This introductory article summa-
rizes the major goals and organizing themes of the supplement, draws links between the
constituent articles, and identifies new areas of study within the science of team science.

(Am J Prev Med 2008;35(2S):S77-S89) © 2008 American Journal of Preventive Medicine

Background

he past two decades have witnessed a surge of

interest and investments in large-scale team

science programs.'™ Ambitious multiyear initi-
atives to promote cross-disciplinary collaboration in
research and training have been launched by several
public agencies and private foundations.®'* Consider-
ing the enormous complexity and multifactorial causa-
tion of the most vexing social, environmental, and
public health problems (e.g., terrorism and inter-
ethnic violence; global warming; cancer, heart disease,
diabetes, and AIDS; health disparities among minority
populations), efforts to foster greater collaboration
among scientists trained in different fields are not only
a useful but also an essential strategy for ameliorating
these problems.lﬁ_22 At the same time, some observers
of science policy question whether the current popu-
larity of cross-disciplinary research and training is
merely a passing fad whose scientific and societal value,
relative to smaller-scale unidisciplinary projects, has
been overstated.*® Critics of cross-disciplinary initiatives
contend that they divert valuable resources from im-
portant discipline-based research and draw scientists
into collaborative centers and teams who otherwise

From the School of Social Ecology, University of California Irvine
(Stokols), Irvine, California; the Division of Cancer Control and
Population Sciences, National Cancer Institute (Hall, Moser); and
the Office of Portfolio Analysis and Strategic Initiatives, NIH (Tay-
lor), Bethesda, Maryland

Address correspondence and reprint requests to: Daniel Stokols,
PhD, Department of Planning, Policy and Design, UC Irvine, 206-C
Social Ecology I Building, School of Social Ecology, Irvine CA 92697.
E-mail: dstokols@uci.edu.
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might be more productive working independently or as
co-investigators on smaller-scale projects.?*?’

As public and private investments in team science
initiatives have grown and debates about their intellec-
tual and societal value have ensued, the importance of
clearly defining and evaluating the effectiveness of
these programs has become more evident.”*~*' Practi-
cal concerns about gauging the value added and the
return on investment accruing from large research
initiatives**** have given rise to the science of team
science, a rapidly emerging yet stilllamorphous field
characterized by a lack of consensus about its defining
substantive boundaries and core concerns.

The goals of this article are twofold: (1) to describe
the science of team science in terms of its major
conceptual, methodologic, and translational concerns;
and (2) to introduce the present supplement to the
American Journal of Preventive Medicine on the science of
team science by offering an overview of its organization
and specific aims,*!1%#733-19

The Science of Team Science: Units of Analysis and
Distinguishing Features

It is important to distinguish between team science initi-
atives themselves and the science-of-team-science field,
whose principal units of analysis are the large research
and training initiatives implemented by public agencies
and nonpublic organizations and the various projects
within each initiative conducted by scholars who work
within and across their respective fields. Team science
initiatives are designed to promote collaborative—and
often cross-disciplinary—approaches to analyzing re-

0749-3797/08/%-see front matter S77
doi:10.1016/j.amepre.2008.05.002
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search questions about particular phenomena (e.g., the
joint influence of social, behavioral, and biogenetic
factors on cancer etiology and treatment examined by
Hiatt and Breen,!® and the multilevel determinants of
health disparities discussed by Holmes et al.** in this
supplement). The science-of-team-science field, on the
other hand, is a branch of science studies concerned
especially with understanding and managing circum-
stances that facilitate or hinder the effectiveness of
team science initiatives.”*™®* The field as a whole fo-
cuses not on the phenomena addressed by particular
team science initiatives (e.g., cancer, heart disease,
obesity, community violence, environmental degrada-
tion), but rather on understanding and enhancing the
antecedent conditions, collaborative processes, and
outcomes associated with team science initiatives more
generally, including their scientific discoveries, educa-
tional outcomes, and translations of research findings
into new clinical practices and public policies.”*>"
Some of the distinguishing features of team science
initiatives and the unique substantive concerns of the
science-of-team-science field are outlined below.

Characteristics of Scientific Initiatives and Teams

Efforts to integrate knowledge in the science-of-team-
science field face considerable challenges, owing to the
highly disparate units of analysis found in the earlier
studies of scientific teams.?”%%%% Research teams, for
example, may consist of investigators drawn from either
the same or different fields (i.e., unidisciplinary versus
cross-disciplinary teams). These teams vary not only in
terms of their disciplinary composition but also in
terms of their size, organizational complexity, and
geographic scope, ranging from a few participants
working at the same site to scores of investigators
dispersed across multiple geographic and organiza-
tional venues.”™®” Furthermore, the goals of team
science initiatives are quite diverse (e.g., spanning
scientific discovery; training; and clinical, translational,
public health, and policy-related goals), and both the
quality and level of intellectual integration intended
and achieved among disciplines varies from one pro-
gram to the next (i.e., along a continuum ranging from
unidisciplinary to multidisciplinary, interdisciplinary,
and transdisciplinary integration, as described more
fully below).?737:58-60

Because team science initiatives differ along so many
dimensions, including their size, goals, duration, orga-
nizational structure, and cross-disciplinary scope, it is
important to be clear at the outset about the kinds of
research and training initiatives emphasized in the
present discussion. Team-based projects can include a
handful of scientists working together at a single site,
but the focus here is on the larger and more-complex
initiatives comprising many (e.g., often between 50 and
200) investigators who work collaboratively on multi-

$78 American Journal of Preventive Medicine, Volume 35, Number 2S

ple, closely related research projects, and who may be
dispersed across different departments, institutions,
and geographic locations.”® Trochim and colleagues,’
for example, define large research initiatives as grant-
funded projects solicited through specific requests for
applications with an average annual expenditure of at
least $5 million. The usual duration of these initiatives
(e.g., NIH P50 and Ub54 Centers, National Cancer
Institute [NCI] Specialized Programs of Research Ex-
cellence [SPOREs]) is 5 years, and they may be re-
funded, thus extending over one or more decades, in
some cases.”’ Some especially broad-gauged initiatives,
such as the NIH Roadmap and the Office of Portfolio
Analysis and Strategic Initiatives (OPASI) programs,
provide the organizational framework and funding
source for scores of other interrelated research and
training initiatives, all of which are designed to pro-
mote cross-disciplinary scientific collaboration.'"'* Of-
ten, large research initiatives incorporate career devel-
opment and training components as well as clinical
translation, health promotion, and policy-related func-
tions.'»%*7%* The articles in this supplement address
the full range of scientific, training, clinical translation,
community outreach, health promotion, and public-
policy goals emphasized within relatively large team
science initiatives of varying size and complexity.
Large initiatives also vary with respect to the collab-
orative orientations and disciplinary perspectives of
team members. This discussion focuses on initiatives
intended to promote cross-disciplinary rather than
unidisciplinary collaboration.” Cross-disciplinary teams
strive to combine and, in some cases, to integrate
concepts, methods, and theories drawn from two or
more fields. Three different approaches to cross-
disciplinary collaboration have been described by
Rosenfield.”” Multidisciplinarity is a process in which
scholars from disparate fields work independently or
sequentially, periodically coming together to share
their individual perspectives for purposes of achieving
broader-gauged analyses of common research prob-
lems. Participants in multidisciplinary teams remain
firmly anchored in the concepts and methods of their
respective fields. Interdisciplinarity is a more robust
approach to scientific integration in the sense that team
members not only combine or juxtapose concepts and

“Distinctions between cross-disciplinary and unidisciplinary collabo-
ration depend on how individual disciplines are defined and boun-
ded.®® Disciplines are generally organized around distinctive substantive
concerns (e.g., biological, psychological, environmental, or socio-
logic phenomena); analytic levels (e.g., molecular, cellular, cognitive,
behavioral, interpersonal, organizational, community); and concepts,
methods, and measures associated with particular fields. The bound-
aries between disciplines and subdisciplines are to some extent
arbitrarily defined and agreed upon by communities of scholars.5%%7
For instance, the boundaries between some fields may be overlapping
(e.g., physiology and molecular biology) and other fields, such as
public health and urban planning, are inherently multidisciplinary in
that they combine several disciplinary perspectives in analyses of
population health and urban development.

www.ajpm-online.net



Table 1. Definitions and examples of scientific orientations®®

Scientific orientation

Definition

Example

Unidisciplinarity

Multidisciplinarity

Interdisciplinarity

Transdisciplinarity

Unidisciplinarity is a process in which
researchers from a single discipline work
together to address a common research
problem.

Multidisciplinarity is a sequential process
whereby researchers in different
disciplines work independently, each
from his or her own discipline-specific
perspective, with a goal of eventually
combining efforts to address a common
research problem.

Interdisciplinarity is an interactive process
in which researchers work jointly, each
drawing from his or her own discipline-
specific perspective, to address a
common research problem.

Transdisciplinarity is an integrative process
in which researchers work jointly to
develop and use a shared conceptual
framework that synthesizes and extends
discipline-specific theories, concepts,
methods, or all three to create new
models and language to address a

A team of pharmacologists collaborate on a
laboratory study of the relationships between
nicotine consumption and insulin metabolism.

A pharmacologist, health psychologist, and
neuroscientist each contribute sections to a
multi-authored manuscript that reviews
research in their respective fields pertaining to
the links between nicotine consumption,
changes in brain chemistry and caloric intake
induced by nicotine, and physical activity levels.

A pharmacologist, health psychologist, and
neuroscientist conduct a collaborative study to
examine the interrelations among patterns of
nicotine consumption, brain chemistry, caloric
intake, and physical activity levels. Their
research design incorporates conceptual and
methodologic approaches drawn from each of
their respective fields.

A pharmacologist, health psychologist, and
neuroscientist conduct a collaborative study to
examine the interrelations among nicotine
consumption, brain chemistry, caloric intake,
and physical activity levels. Based on their
findings, they develop a neurobehavioral model

common research problem.

of the links among tobacco consumption, brain
chemistry, insulin metabolism, physical activity,
and obesity that integrates and extends the
concepts and methods drawn from their
respective fields.

methods drawn from their different fields, but also
work more intensively to integrate their divergent per-
spectives, even while remaining anchored in their own
respective fields.?”

Transdisciplinarity is a process in which team mem-
bers representing different fields work together over
extended periods to develop shared conceptual and
methodologic frameworks that not only integrate but
also transcend their respective disciplinary perspec-
tives.” Examples of unidisciplinary, multidisciplinary,
interdisciplinary, and transdisciplinary scientific orien-
tations are provided in Table 1. Transdisciplinary
collaborations perhaps have the greatest potential to
produce highly novel and generative scientific out-
comes, but they are more difficult to achieve and
sustain than unidisciplinary, multidisciplinary, and
interdisciplinary projects due to their greater com-
plexity and loftier aspirations for achieving transcen-
dent, supra-disciplinary integrations.?”?!-#7:56.68-70

The ensuing discussion focuses primarily on interdis-
ciplinary and transdisciplinary science initiatives in
which an explicit goal of the collaboration is to inte-

PAs Klein®” has observed, cross-disciplinary teams, rather than being
exclusively multidisciplinary, interdisciplinary, or transdisciplinary in
their orientation, often incorporate a mixture of these approaches,
cach of which may become more or less predominant during
different phases of collaboration.

August 2008

grate theories, methods, and training strategies drawn
from two or more fields. Examples of large-scale inter-
disciplinary and transdisciplinary team initiatives are
the NCI, National Institute of Drug Abuse (NIDA), and
National Institute on Alcohol Abuse and Alcoholism
(NIAAA) Transdisciplinary Tobacco Use Research Cen-
ters (TTURCs)”"; the NCI Transdisciplinary Research
on Energetics and Cancer (TREC) Centers’?; the Cen-
ters for Excellence in Cancer Communications Re-
search (CECCR) 73 the National Institute of Environ-
mental Health Sciences (NIEHS)®!; the National
Institute on Aging (NIA)®%; the NIH Office of Behav-
joral and Social Sciences Research (OBSSR)®*; the NCI
Centers for Population Health and Health Disparities
(CPHHD)®*; and the National Center for Research
Resources (NCCR) Clinical and Translational Science
Centers (CTSC).!>™

The distinctions among unidisciplinary, multidisci-
plinary, interdisciplinary, and transdisciplinary forms of
scientific collaboration are directly relevant to the
development of criteria for gauging the success of team
science initiatives. In particular, measures of scientific
collaboration and its outcomes should be appropriately
matched to the research, training, and translational
goals of particular initiatives. A key goal of interdisci-
plinary and transdisciplinary initiatives, for example, is

Am | Prev Med 2008;35(2S) S$79



to bridge the perspectives of different fields through
the collaborative development of integrative conceptu-
alizations, methodologic approaches, and training
strategies. Thus, an important criterion for gauging the
success of these initiatives is the extent to which cross-
disciplinary integrations are actually achieved by re-
search teams.?”%”7 These issues are discussed more
fully below.

Substantive Concerns and Research Foci Within the
Science-of-Team-Science Field

The science-of-team-science field encompasses an amal-
gam of conceptual frameworks and methodologies that
have been used in earlier studies to assess the processes
and outcomes of cross-disciplinary research centers and
teams. The findings from these studies are part of a
rapidly growing database within the science-of-team-
science field 2*%1031.3238.71-80 Common themes that
offer a basis for integrating prior and future studies
of team science initiatives are beginning to emerge,
but the field still lacks the conceptual coherence of a
more established and widely recognized scientific
paradigm.?”%-%¢ Greater scientific coherence may be
achieved as science-of-team-science scholars reach
further agreement about the field’s major concep-
tual, methodologic, and translational concerns. Sev-
eral substantive concerns and challenges within the
science-of-team-science field are outlined below.

Conceptual Concerns

Scholars in the science-of-team-science field have given
considerable attention to at least two broad categories
of conceptual tasks: (1) defining key terminology and
(2) developing theoretical models to account for the
circumstances under which team science initiatives are
more or less effective.

Defining key terms. Itisimportant to clearly define the
major units of analysis and the core subject matter of
the science-of-team-science field (e.g., organizational
complexity and geographic scope of team science
initiatives; different forms of cross-disciplinary re-
search, including multidisciplinary, interdisciplinary,
and transdisciplinary collaboration).**® A major chal-
lenge is to specify the dimensions of program effective-
ness or success as they pertain to team science initia-
tives. For instance, the quality of scientific work may be
defined differently in the context of interdisciplinary
and transdisciplinary team initiatives than in unidisci-
plinary projects. Traditional criteria of scientific qual-
ity include conceptual originality; methodologic
rigor (e.g., validity and reliability of empirical find-
ings); and the quantity of research outputs produced,
such as peer-reviewed publications. In the context of
team science initiatives, however, the quality and

$80 American Journal of Preventive Medicine, Volume 35, Number 2S

scope of interdisciplinary and transdisciplinary inte-
gration (e.g., the development of integrative concep-
tualizations and methodologic approaches, the devel-
opment of training programs bridging two or more
fields, the emergence of new hybrid fields of inquiry)
are important facets of collaborative scholarship that
must be considered in view of their explicit mission
to promote scientific integration,'*273137

Also, because the scientific, educational, and transla-
tional aims of team science initiatives are highly diverse,
it is crucial to identify the highest-priority goals and
corresponding criteria of success for any given pro-
gram.”’g6 The overall success of large-scale initiatives
(e.g., the NCI TTURC, CECCR, TREC, and CPHHD
programs) may be construed differently than the effec-
tiveness of the particular research centers and projects
subsumed within them.””® For instance, the cumulative
scientific and public health advances associated with
large-scale initiatives are qualitatively distinct from the
more circumscribed intellectual achievements of a par-
ticular research center or team. For both broad-gauged
initiatives and their subsidiary projects, key dimensions
of program effectiveness (e.g., development of transdis-
ciplinary syntheses, publication of empirical findings,
translations of research into clinical practices and pol-
icy innovations) are likely to shift as team members
progress through the initial, intermediate, and later
stages of collaboration.>*'*° Collaborative processes and
outcomes appear to be stage-dependent, and therefore
should be defined differently for near-, mid-, and longer-
term phases of team science programs.

Finally, for many team science initiatives, it is
important to define not only the distinguishing fea-
tures of effective scientific collaboration but also the
essential facets of successful interdisciplinary and
transdisciplinary training (e.g., the career trajecto-
ries and intellectual contributions of current and
former trainees) 37,62,81-83

Developing theoretical models and conceptual frame-
works. To date, a number of conceptual models have
been proposed by science-of-team-science scholars to
identify key antecedent conditions, intervening pro-
cesses, and outcomes associated with team science
initiatives and to explain the interrelationships
among them (e.g., the presence of institutional sup-
ports or constraints at the beginning of an initiative
and their impact on subsequent collaborative pro-
cesses and outcomes).>®5%78% For instance, Tro-
chim and colleagues® offered an empirically derived
logic model (based on the NCI TTURC initiative-wide
evaluation study) that accounts for the temporal links
observed between the early processes of intellectual
collaboration and integration, on the one hand, and
subsequent team products—including scholarly publi-
cations, transdisciplinary training programs, community
health interventions, and public-policy initiatives—on the
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other; and in this supplement, Holmes et al.** and Hall et
al.*” present multistage conceptual frameworks that have
guided transdisciplinary research, training, and commu-
nity intervention efforts within the NCI CPHHD and
TREC initiatives, respectively.

Earlier, Stokols and colleagues
antecedent—process—outcome model
plinary science in which several interpersonal, environ-
mental, and organizational antecedents of collabora-
tion are considered, such as the leadership styles of
center directors, scientists’ commitment to team re-
search, the availability of shared research and meeting
space, electronic connectivity among team members,
and the extent to which they share a history of working
together on prior projects. The intervening processes
examined in this model included intellectual, interper-
sonal, and affective experiences as well as observed or
selfreported collaborative behaviors, or both. Examples
of these processes are the brainstorming of strategies to
create and integrate new ideas, to deal with the cross-
disciplinary biases and tensions that often arise in collab-
orative situations, and to negotiate and resolve conflicts.
The antecedent and process variables specified in the
model, in turn, influence several near-, mid-, and
long-term outcomes of scientific collaboration, includ-
ing the development of new conceptual frameworks,
research publications, training programs, and transla-
tional innovations over the course of the initiative.
Empirical support for the hypothesized links among
antecedent, process, and outcome variables was derived
from a longitudinal (5-year) comparative study of the
TTURC centers." 027577

Existing models of interdisciplinary and transdisci-
plinary collaboration raise several questions for future
research. For example, certain antecedent conditions
present at the outset of a team science project can be
conceptualized as collaboration-readiness factors that
jointly influence a team’s prospects for success over the
course of an initiative.>%4%7° However, the relative
contributions of individual collaboration-readiness fac-
tors (e.g., the leadership skills of center directors, the
availability of shared office and laboratory space, team
members’ experiences working together on earlier
projects) to specific dimensions of collaborative effec-
tiveness (e.g., the quantity of team publications pro-
duced as well as their integrative quality and scope, the
development of sustainable partnerships with commu-
nity organizations) are not well-understood and war-
rant further study.”

Also, earlier conceptual models and the field studies
on which they are based suggest that the intellectual
and scientific outcomes of team science initiatives are
strongly influenced by social and interpersonal pro-
cesses, including team members’ collaborative styles
and behaviors, interpersonal conflicts, and negotiation
strategies.f"’w’m’85 Yet the precise ways in which these
social processes influence scientific productivity and
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transdisciplinary integration are not known. For in-
stance, team members’ disagreements about scientific
issues may enhance collaborative effectiveness by stim-
ulating new insights and countering tendencies toward
“groupthink” among individuals who have worked to-
gether for extended ch:riods.86 On the other hand,
long-standing scholarly disagreements that provoke in-
terpersonal conflict can undermine members’ trust of
each other and their overall performance.*”*® The
empirical relationships between the interpersonal and
intellectual dimensions of scientific collaboration re-
main to be elucidated in future studies.

Methodologic and Measurement Issues

A variety of methods and measures have been used to
assess the antecedents, processes, and outcomes of
team science initiatives. The most useful or strategic are
those that efficiently apply evaluation resources to yield
information about the major contributions and limita-
tions of particular programs in a manner that is respon-
sive to the needs of multiple stakeholder groups, in-
cluding participating scientists and trainees, funding
organizations, policymakers, and translational partners
in clinical settings and community organizations.” Eval-
uations of team science programs are embedded within
overlapping spheres of influence encompassing organi-
zational, institutional, community, regional, national,
and global levels, with multiple stakeholders situated at
each level.**""**% Strategic evaluations incorporate
the diverse perspectives of team science interest groups
and adopt some or all of the methodologic strategies
mentioned below.

Weighted measures of program success. Strategic eval-
uations begin with a clear vision of what constitutes
success within a particular initiative. For example, NCI
research and training center initiatives (TTURC,
CECCR, CPHHD, TREC) include multiple goals and
objectives, ranging from the achievement of: (1) scien-
tific advances in a targeted area of research (e.g.,
cancer communications or tobacco-use research) re-
sulting from collaborative synergies within and across
participating research centers; (2) innovative ap-
proaches to and intended outcomes of transdisciplinary
research training; (3) translations of scientific research
into useful and sustainable clinical practices and com-
munity health programs; (4) translations of scientific
research into innovative health-policy initiatives; and,
ultimately; (5) reductions in health-risk behaviors,
health disparities, and the incidence of chronic diseases
within a particular population.? The relative priorities
assigned to these goals may vary from one initiative to
another. Thus, evaluations of team science initiatives
are most strategic when the criteria for judging pro-
gram effectiveness are selected and weighted to reflect
the highest-priority goals of the particular programs
established by funding agencies and other stakeholder
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groups (e.g., participating scientists, community mem-
bers, and [in the U.S.] the DHHS and Congressional
oversight committees) .

Multimethod evaluation. The diversity of goals encom-
passed by team science initiatives requires the use of
multiple quantitative and qualitative methods to mea-
sure their intended processes and outcomes as well as
to document their unintended ones. The methods used
may include surveys and interviews of team members;
behavioral observations of centerwide and initiative-
wide meetings and collaborative discussions; archival
analyses of scientific productivity and impact based on
content analyses of written products developed by team
members and bibliometric assessments of initiative-
based publications; focus-group meetings among scien-
tists, trainees, and staff members participating in an
initiative; online diary logs of cross-disciplinary encoun-
ters; social-network analyses of collaborative exchanges;
and peer reviews by external referees obtained through
periodic site visits and independent evaluations of
progress reports and collaborative publications. The
combined use of survey, interview, observational, and
archival measures in evaluations of team science initia-
tives affords a more complete understanding of collab-
orative processes and outcomes than can be gained by
adopting a narrower methodologic approach.®*-?

Temporal sequencing of evaluative measures. In addi-
tion to establishing prioritized criteria for gauging the
scientific, training, translational, and public health
outcomes of an initiative, attention should be paid to
the temporal patterning of evaluation measurements,
ranging from assessments of antecedent conditions
present at the outset of a collaborative project to
early-stage indicators of collaborative synergy and inno-
vation, mid-term markers of scientific and training
innovations, and long-term societal (e.g., policy and
public health) outcomes.”” The latter categories of
outcomes may be so gradual or temporally lagged that
they are not detectable during the period in which an
initiative is actively funded.*® Future studies should be
undertaken to assess the postfunding impacts of team
science initiatives on science, training, and public
health over extended periods (e.g., encompassing one
or more decades).*®

Research design and sampling issues. Team science
initiatives pose several challenges related to the sam-
pling of participants and respondents, the establish-
ment of appropriate comparison groups with which to
compare initiative-based research centers and teams,
and the implementation of field experimental or quasi-
experimental research designs. Experimental and quasi-
experimental evaluations of team science initiatives are
difficult to achieve due to the nonrandom self-selection
of scientists into collaborative teams. Appropriate com-
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parison groups may involve teams of scientists working
in a particular area of health research (e.g., tobacco
science, cancer communications) that applied for a
team—center grant and received “nearly fundable” eval-
uation scores but were not among those applicants
funded to establish a transdisciplinary research pro-
gram. Prospective evaluations of team science initiatives
require sufficient numbers of initiative-based research
teams and relevant comparison groups, all of which are
working in a common research area over the same
multiyear period.

To date, the science-of-team-science field has relied
almost exclusively on retrospective and prospective
case-comparison studies rather than on experimental
or quasi-experimental evaluations of research teams,
centers, and the multisite initiatives in which they
participate. However, longitudinal bibliometric and
social-network analyses incorporating multiple compar-
ison groups are currently being implemented at NCI to
evaluate the quantitative and qualitative differences in
the productivity of health scientists (e.g., tobacco-use
researchers) who are working individually on ROl
grants, participating in non-initiative—based research
centers, or collaborating as members of transdisci-
plinary team science initiatives. The increasing use of
quasi-experimental research designs incorporating
multiple comparison groups is an important direc-
tion for the science-of-team-science field.”

Convergent validation of evaluation data. Regardless
of the research designs used to assess program effec-
tiveness, the convergent validation of empirical data is
an important benchmark of strategic evaluation. When
evaluations of team science initiatives are conducted,
the survey and interview assessments of program out-
comes offered by participating scientists, trainees, and
staff members should be supplemented with peer ap-
praisals provided by external reviewers and consultants.
Additional challenges inherent in peer reviews of team
science initiatives are discussed by Klein in this supple-
ment?” and by Laudel.**

Translational Strategies

Within the science-of-team-science field, translational
strategies can be grouped into two general categories:
(1) the use of research findings from team science
initiatives as a basis for developing improved clinical
practices, disease-prevention strategies, and public
health policies; and (2) the use of research findings
from the evaluations of team science initiatives as a
basis for enhancing the effectiveness of future collabo-
rative research and training programs. Examples of
these two kinds of translational research are outlined
below.
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Translating research findings from team science initia-
tives into clinical and preventive practices. The NCI
SPOREs and the CPHHD initiative emphasize trans-
lational research in which scientific findings are used
to improve the prevention, detection, diagnosis,
treatment—or all of these—of human cancer and to
reduce health disparities in medically underserved
populations.34’63’64 Similarly, utilizing research evi-
dence for the improvement of healthcare delivery is
a core goal of the NCRR CTSCs.'” The scientific
discovery processes associated with team science ini-
tiatives are the initial phase of a transdisciplinary
action-research cycle in which team science investi-
gators work closely with community health practitio-
ners and policymakers to translate their findings into
improved therapeutic and preventive practices.”
Community-based coalitions consisting of health sci-
entists and practitioners and intersectoral partner-
ships between public and private organizations pro-
vide the collaborative contexts in which research
findings produced by scientific teams are eventually
translated into practical applications.>**?! Examples
of university—community partnerships that have pro-
duced effective and sustainable translations of cancer
research findings into community health promotion
and disease-prevention strategies are described by
Emmons et al.**

Translating research findings from team science evalu-
ation studies to enhance future initiatives. This second
category of translational research applies the findings
from team science evaluation studies to improve the
design and effectiveness of ongoing and future collab-
orative research and training programs. In the case of
ongoing initiatives, formative evaluation strategies can
be used for continuous quality improvement by provid-
ing team science participants with regular (e.g., quar-
terly, annual) feedback about their collaborative pro-
cesses and outcomes.”"?*? When future team science
initiatives are designed, collaboration readiness audits
based on the findings from the evaluations of prior
team science programs can be administered to assess a
team’s prospects for collaborative success and to iden-
tify opportunities for strengthening institutional and
environmental supports for cross-disciplinary research
and training.75 Also, workshops and training modules
can be implemented to familiarize researchers and
trainees with the challenges inherent in team-based
projects and the steps they can take to improve their
chances for success. These translational strategies con-
tribute toward building greater capacity for scientific
collaboration in team science initiatives.*’

Earlier research on team performance suggests that
the structural complexity of team science initiatives is
closely related to the collaborative challenges and co-
ordination constraints encountered by team mem-
bers.”® Collaborative research and training programs
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that span multiple organizations, geographic sites, sci-
entific disciplines, and levels of analysis may require
greater institutional and organizational investments in
collaboration-readiness resources to ensure program-
matic success than those that are less complex.”® The
empirical links among program complexity; collabora-
tion readiness; and cumulative research, training, and
translational outcomes of team science initiatives
should be examined in future studies.

Goals and Organization of This Supplement on the
Science of Team Science

The present supplement is based on the proceedings of
the NCI Conference on the Science of Team Science
held in Bethesda MD during October 2006, cospon-
sored by the NCI, the NIH OBSSR, and the American
Psychological Association.”® The purposes of the NCI
conference were to address ambiguities and gaps in the
science-of-team-science literature, promote greater in-
tegration of knowledge in this field, and identify key
issues for future investigation. As a prelude to this
event, the NCI convened a group of science-of-team-
science scholars in October 2005 to assess the state of
the knowledge in the field, identify the most pressing
questions for future study, and articulate major goals
and strategies for the 2006 conference. The intent of
the planning meeting was to build on and go beyond
the issues addressed in earlier scholarly discussions
of the implementation and evaluation of large-scale,
cross-disciplinary science and training programs (e.g.,
National Academy of Sciences [NAS] Convocation on
Facilitating Interdisciplinary Research; NAS Confer-
ence on Bridging Disciplines in the Brain, Behavioral,
and Clinical Sciences; National Research Council Con-
ference on Interdisciplinary Research; NIH Bioengi-
neering Consortium Symposium on Catalyzing Team
Science).”*"?*% In particular, participants were asked
to identify cutting-edge issues and themes that had
received relatively little attention in prior meetings and
research and to draft an agenda of high-priority ques-
tions for future study.

During the day-long discussions at the 2005 plan-
ning meeting, it was decided that the 2006 meeting
would incorporate structured panel sessions orga-
nized around the conference themes; peerreviewed
poster presentations; opportunities for informal discus-
sion; and a series of commissioned papers to address
high-priority research, training, and translational ques-
tions for future investigation.”> The commissioned pa-
pers were intended to integrate existing knowledge in
the science-of-team-science field and to open new ave-
nues of research on a variety of previously neglected
topics. These high-priority topics for future research
are addressed in the articles presented in this supple-
ment and are outlined below.
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Developing Integrative Conceptualizations of
Team Science Processes and Outcomes

Earlier conferences and publications revealed impor-
tant facets of team-based science and training (e.g.,
institutional strategies for facilitating cross-disciplinary
research, metrics for evaluating collaborative processes
and outcomes), but the findings from science-of-team-
science studies remain relatively disjointed and lack
theoretical grounding and interpretation. Some re-
search reports go relatively unnoticed as chapters in
edited volumes published in several different countries or
as reports posted on websites that remain unknown to
many science-of-team-science scholars. Sorely needed are
new conceptualizations of the science-of-team-science
field that are informed by an international perspective
and by integrative frameworks for organizing and inter-
preting the findings from prior studies. Klein’s article®”
addresses these needs by offering an integrative approach
to the evaluation of interdisciplinary and transdisciplinary
collaboration—organized around seven core principles
or themes—and an integrative assessment of empirical
knowledge in this field, viewed from an international
perspective. Additionally, the present article and the ones
by Kessel and Rosenfield,® Croyle,” and Syme® in this
supplement provide overviews of the science-of-team-
science field in terms of its major research, training, and
translational concerns, and identify for future investiga-
tion several topics that have received little attention in
prior studies.

Implementing Team Science Initiatives
Selectively and Strategically

Earlier studies'®?"***° suggest that cross-disciplinary

team research centers and programs are not uniformly
successful. In some situations, smaller-scale unidisci-
plinary projects may be more feasible and likely to
succeed than larger, team-based initiatives. Also, cer-
tain research questions may be more amenable than
others to interdisciplinary and transdisciplinary ap-
proaches. Thus, cross-disciplinary collaboration should
be viewed as a means for achieving the desired scien-
tific, training, and translational goals rather than as an
end in and of itself. That is, investments in team-based
initiatives should be reserved for those settings and
research topics that are most suited to and would
benefit most from collaborative approaches. An impor-
tant goal for science-of-team-science research is to facili-
tate “smarter” science, in which particular approaches
(e.g., single-investigator versus team-based projects; uni-
disciplinary versus multidisciplinary, interdisciplinary, or
transdisciplinary initiatives) are closely matched to the
unique talents and predilections of the participating
scientists, the institutional contexts in which they work,
and particular research topics and fields (some of which
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may be more amenable to cross-disciplinary integration
than others, as noted by Hays").

Yet conceptual frameworks that enable researchers
and their host organizations to forecast when and
where team science initiatives will be more or less
effective have been lacking. Accordingly, the ecology of
team science by Stokols and colleagues™ in this supple-
ment is intended to provide an integrative typology of
contextual factors that have been found to jointly
influence collaborative effectiveness across a variety of
research and community settings. The typology is based
on a review of empirical findings from the fields of
social psychology, organizational behavior, information
science, community health promotion, and team sci-
ence evaluation. It offers a conceptual starting point for
developing more fine-grained analyses of high-leverage
variables (i.e., those that most strongly determine the
success of team-based initiatives). Examples of contex-
tual factors that appear to be especially strong determi-
nants of collaborative effectiveness in research settings
are discussed below.

The Impact of Interpersonal Processes and
Leadership Styles on Scientific Collaboration

Prior evaluations of team science initiatives suggest that
the social organization of research teams strongly influ-
ences their capacity to achieve scientific or intellectual
integration.6’27’?“"’75 Several interpersonal processes
may directly influence collaborative effectiveness in
research settings. To the extent that team members
have worked together previously and share a strong
commitment to scientific collaboration, they may be
better able to coordinate their efforts and accomplish
their research, training, and translational goals in sub-
sequent team science projects.’’*>’® On the other
hand, interpersonal conflicts among team members
(especially those persisting over long periods) under-
mine mutual trust and hinder collaborative processes
and outcomes.'”®*% Among the factors that most
strongly influence the quality of social interactions in
collaborative settings are the abilities and styles of team
leaders. Although the links between leadership and
collaborative effectiveness have been studied exten-
sively in nonscientific settings,97_mo they have received
relatively little attention in the science-of-team-science
field. This gap in science-of-team-science knowledge is
directly addressed in the supplement article by Gray,*
who offers an empirically based conceptualization of
three types of leadership tasks that promote transdisci-
plinary collaboration among leaders of scientific teams.
Her analysis of the ways in which leadership styles and
abilities influence scientific collaboration provides a con-
ceptual foundation for future research on this topic.
Another important facet of scientific collaboration
are the social networks that exist among researchers
and the ways in which they influence patterns of
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communication and cross-disciplinary integration. The
article by Provan and colleagues*® summarizes an em-
pirical study of social networks among scientists work-
ing in the field of tobacco harm reduction. Communi-
cations among participating tobacco harm-reduction
scientists from multiple fields that involve only ex-
changes of information are considered interdiscipli-
nary, whereas those that lead to the creation of syner-
gistic products (e.g., multi-authored publications) are
defined as transdisciplinary. The analyses of network
data provided by Provan et al. reveal that homophily, or
the tendency to interact with others whose back-
grounds are similar to a person’s own (evidenced by
intradisciplinary network ties), is more prevalent than
heterophily (defined as cross-disciplinary communica-
tions among network members). Moreover, nonsyner-
gistic interdisciplinary interactions are much more
common than transdisciplinary transactions that result
in collaborative research outcomes. These data, along
with the findings from earlier research, highlight scien-
tists” strong tendencies to affiliate with colleagues whose
disciplinary perspectives are similar to their own, and the
need to better understand the circumstances under which
scientists achieve and sustain cross-disciplinary collabora-
tion and integration.7‘r”m1

Developing Cyber-Infrastructures to Support
Scientific Collaboration

Interpersonal processes (e.g., communication net-
works, conflict-resolution strategies, leadership styles)
are contextual factors that directly influence a team’s
readiness for collaboration at the outset of a project
and their capacity to work together effectively over
extended periods. Additional determinants of collabo-
rative capacity and long-term success are the techno-
logic resources (e.g., intranet and Internet connec-
tivity, grid computing infrastructures, data-mining
strategies) that enable team members to communicate
and integrate diverse sets of data effectively over the
course of a team science project.'’® These facets of
technologic infrastructure and expertise and their in-
fluence on scientific collaboration have received atten-
tion in the fields of information science and organiza-
tional behavior, but warrant further investigation in the
context of team science research and training pro-
grams.”® The ways in which cyber-infrastructures can
support successful scientific collaboration spanning
multiple disciplines and research sites, and an agenda
of related questions for future science-of-team-science
studies, are discussed by Hesse in this supplement.*’

Conceptualizing and Measuring Distinctive
Features of Cross-Disciplinary Training

On the one hand, distinctions among multidisci-
plinary, interdisciplinary, and transdisciplinary forms
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of cross-disciplinary (versus unidisciplinary) research
have received considerable attention among science-
of-team-science scholars. On the other hand, these
same distinctions, as they relate to strategies of
cross-disciplinary training, have been relatively ne-
glected.®>%%8% Nash’s article®” in this supplement
confronts current gaps in the understanding of cross-
disciplinary education by offering a broad conceptualiza-
tion of multidisciplinary, interdisciplinary, and transdisci-
plinary training and their respective goals. Compared to
multidisciplinary and interdisciplinary approaches,
transdisciplinary training is uniquely defined by its
intention to produce scholars who synthesize theo-
retical and methodologic perspectives spanning mul-
tiple disciplines and analytic levels. Nash distinguishes
among different forms of transdisciplinary training,
including single-mentor and team-mentoring appren-
ticeship models, and transdisciplinary training pro-
grams that are either broad or narrow in their analytic
scope (e.g., in which trainees learn to integrate the
perspectives of disciplines sharing the same or widely
different levels of analysis). Nash also outlines intrap-
ersonal, interpersonal, and systemslevel constraints
on—as well as facilitators of—transdisciplinary training
processes and outcomes. Finally, his analysis highlights
the importance of developing new methods and met-
rics for evaluating transdisciplinary training, and sug-
gests new directions for research in this area.

Translating Team Science into Effective Clinical,
Community Health, and Policy Initiatives

Many large-scale team science initiatives are designed
to foster translations of scientific knowledge into im-
proved clinical practices, community health outcomes,
and public policies (e.g., statewide taxation of cigarette
sales).'*%%%* However, the processes by which scientific
evidence from team science initiatives is incorporated
into clinical and community-based programs for health
improvement are not well understood.” A useful start-
ing point for the development of community-based
health initiatives is the transdisciplinary integration of
research findings on a particular topic drawn from
multiple fields and levels of analysis. For instance, Hiatt
and Breen’s article' in this supplement offers a broad-
gauged transdisciplinary synthesis of research evidence
documenting the role of social factors in cancer etiol-
ogy and the ways in which social, behavioral, psycho-
logical, and biologic variables as well as the healthcare
system jointly influence cancer incidence, survival, and
mortality rates. Hiatt and Breen’s analysis provides
conceptual grounding for developing more compre-
hensive strategies of cancer prevention and control
than have been available in the past.

Emmons and colleagues** describe several cases in
which the scientific findings obtained through team
science initiatives at a university-based cancer center
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were translated into novel health-communication pro-
grams for disease prevention. Examples of these trans-
lational initiatives are the Harvard Colorectal Cancer
Risk Assessment and Communication Tool for Re-
search and two public Internet sites, Your Cancer Risk
and Your Disease Risk.'”® Emmons and colleagues note
that the features and functionality of these award-
winning websites were influenced by transdisciplinary
collaboration among scholars from several different
fields. They also describe other translational programs
designed collaboratively with non-university partners
through community-based participatory research strat-
egies,'”* including the Massachusetts Community Net-
work for Cancer Education, Research, and Training.
Taken together, the supplement articles by Hiatt and
Breen'? and Emmons et al.** highlight the value of
transdisciplinary research findings and conceptual
frameworks as a basis for developing novel and sustain-
able interventions for disease prevention.

Improving the Transfer of Knowledge Across
Team Science Initiatives and Evaluation Studies

Another type of translational challenge facing the
science-of-team-science field is to improve the transfer
of knowledge across multiple initiatives and evaluation
studies. Too often, the lessons learned over the course
of an initiative are not effectively communicated or
transferred to other research organizations and scien-
tists who are contemplating or already engaged in
subsequent team science programs.ﬁ’g’75 Investments in
team science evaluation studies become more cost
effective and strategic to the extent that their concep-
tual integrations, empirical findings, methodologic
tools, and translational innovations are made available
to current or prospective members of other initiatives.
Hiatt and Breen’s analysis'? of social factors in disease
etiology exemplifies a conceptual tool that can be used
to guide future research, training, and translation
initiatives in the field of cancer control. Similarly,
Holmes and colleagues® summarize several method-
ologic lessons learned through their multilevel analyses of
health disparities that can be of benefit to participants in
future transdisciplinary team science initiatives.
Similarly, new methods and metrics for gauging the
effectiveness of a particular team science program can
be used later to guide the design and evaluation of
other team initiatives once their reliability and validity
have been established. The development of new meth-
ods for evaluating team science is the focus of two
additional articles in this supplement. Hall and col-
leagues®” present initial findings from the 2006 NCI
TREC Year-One evaluation study in which a new online
survey protocol was developed to assess the levels of
institutional and interpersonal readiness for transdisci-
plinary collaboration during the early stages of a 5-year
initiative. Empirical links among several dimensions of
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collaborative readiness, including the availability of
shared research facilities; investigators’ history of work-
ing together on prior projects; and their endorsement
of unidisciplinary, multidisciplinary, interdisciplinary,
and transdisciplinary research perspectives, were exam-
ined in this study. Also, Masse and colleagues*® summa-
rize new analyses of survey data obtained from tobacco
scientists participating in the first 5-year phase of the
NCI TTURC initiative. The survey measures and the
findings from this study— conducted as part of the NCI
evaluation of large initiatives (ELI)**'—exemplify new
tools for assessing the impact of interpersonal processes
(e.g., collaborative experiences and behaviors) on sci-
entific integration and productivity. These methods
and metrics are potentially applicable to the evalua-
tions of other initiatives.

Finally, Kessel and Rosenfield®® provide a broad
review of earlier transdisciplinary research, training,
and translational programs as a basis for identifying
insights and guidelines that can be used to improve the
design and evaluation of future initiatives. Their find-
ings are directly relevant to the goal of enhancing the
transfer of knowledge from prior team science initia-
tives and evaluation studies to subsequent ones.

Understanding the Systemic Contexts of Team
Science Initiatives and Their Evaluation

Another relatively neglected topic within the science-
of-team-science field is the influence of systemic factors
(e.g., institutional supports for interdisciplinary and
transdisciplinary collaboration, public and private in-
vestments in large-scale research initiatives, societal
concerns about the accountability of scientific re-
search) on the design, functioning, and evaluation of
team science initiatives.””*** These issues are ad-
dressed in several of the supplement articles. Leischow
and colleagues*' present an overview of systems theory
and the ways in which systems thinking can be used to
promote public health. A key principle of systems
theory is that socio-technical systems (e.g., team science
research initiatives) are embedded within broader sys-
temic units (e.g., the Division of Cancer Control and
Population Sciences [DCCPS] of NCI) that administer
several large initiatives that in turn are nested within
larger entities and spheres of influence (e.g., the
NIH).'%'%® An advantage of systems thinking is that it
reveals the interdependencies among systemic units
that operate at these different levels.

For instance, Croyle” describes four large-scale trans-
disciplinary research and training initiatives (TTURC,
CECCR, CPHHD, TREC) that are directed by DCCPS
within NCI. Because DCCPS serves as the coordinating
unit for these programs, lessons learned from the
evaluations of the first initiatives to be implemented
(TTURC and CECCR) have been incorporated into the
design of subsequent programs (CPHHD and TREC).
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This transfer of knowledge among several large-scale
initiatives has the potential advantage of enhancing the
cost effectiveness of DCCPS’s and NCI’s investments in
transdisciplinary science and training programs.

At a broader institutional level, the article by Hays45
in this supplement (and the papers presented by Far-
ber'”” and Kington'" at the 2006 NCI conference on
the science of team science) describe the NIH Road-
map and OPASI initiatives, both of which are intended
to promote greater integration among the disciplines
represented within the various institutes that constitute
NIH. The design and mission of these initiatives have
been informed not only by health research and the
assessments of the scientific readiness® of particular
fields for transdisciplinary integration, but also by soci-
etal concerns about public health and the accountabil-
ity of science to society as a whole.”'* Both the Road-
map and OPASI initiatives encompass several other
interrelated team science research and training programs,
coordinated by multiple institutes at NIH, whose goals are
closely aligned with the Roadmap initiative’s emphasis on
transdisciplinary scientific integration, training, and trans-
lation (e.g., the ambitious Clinical Translational Science
Awards initiative).'***”* The Roadmap and OPASI initi-
atives thus provide a strategic framework and mission for
organizing several subsidiary team-based programs.

Also within the context of the NIH, Mabry and
colleagues® describe the strategic mission and cross-
disciplinary initiatives supported by OBSSR. Systems
principles drawn from the fields of social ecology,
populomics, and informatics have been integrated with
the biomedical concerns of the Human Genome
Project and incorporated into the various programs
administered by OBSSR.'®'%*~'!! The broad biopsycho-
social and ecologic vision reflected in OBSSR’s strategic
plan exemplifies an application of systems thinking to
broaden the conceptual scope, the positive health
impacts, and the cost effectiveness of large-scale trans-
disciplinary initiatives.

Federal funding agencies such as the NIH are but
one of several potential contributors to the develop-
ment of transdisciplinary health science and the im-
provement of public health outcomes. Shen’s article*’
in this supplement calls for the establishment of cross-
sectoral team science, and underscores the importance
of forging new collaborative relationships among pri-
vate corporations and foundations, public research
agencies, and nongovernmental organizations for the
purpose of funding and sustaining transdisciplinary
health science and improving public health. This is
an exciting and potentially fruitful direction for the
science-of-team-science field.

The concluding article by Hall and colleagues™
recaps major themes reflected in the supplement and
identifies promising directions for future research or-
ganized around key programmatic challenges related
to the refinement of science-of-team-science terminol-
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ogy, conceptual frameworks, research methods, trans-
disciplinary training strategies, cross-sectoral partner-
ships, and sustainable funding mechanisms. For
instance, it will be important in future science-of-team-
science research to more clearly conceptualize and
measure the construct of readiness for collaboration.
This concept has been defined variously in terms of
individual and group research orientations,**%” organi-
zational and technologic resources that enhance capac-
ity for collaboration,***”*” and the scientific readiness
of different fields for collaborative integration.*"* Yet,
as Hall et al.>® observe, little is currently known about
how these different dimensions of collaborative readi-
ness jointly influence the effectiveness of transdisci-
plinary initiatives.

Summary

The preceding discussion offers an overview of the
science-of-team-science field in terms of its major con-
ceptual, methodologic, and translational concerns.
This field encompasses a wide array of research
projects and strategies aimed at better understand-
ing, evaluating, and managing circumstances that
influence the effectiveness of large-scale team sci-
ence initiatives. Common themes are beginning to
emerge in the literature, but several gaps in the
science-of-team-science knowledge base remain to be
addressed in future studies. The 2006 NCI confer-
ence on the science of team science and the present
supplement were organized for the purposes of iden-
tifying and analyzing several cutting-edge issues that
had received little or no attention in prior science-
of-team-science meetings and publications. It is
hoped that the articles included in this supplement
will help to establish the foundation for achieving
greater clarity and integration in science-of-team-
science research and for advancing the field’s scien-
tific, training, and translational goals.

This article is based on a paper presented at the NCI
conference on The Science of Team Science: Assessing the
Value of Transdisciplinary Research on October 30-31, 2006,
in Bethesda MD. The authors gratefully acknowledge support
for this manuscript provided by an IPA contract to Daniel
Stokols from the Office of the Director, DCCPS of the NCI;
and by Cancer Research Training Award fellowships to Kara
L. Hall and Brandie K. Taylor.

No financial disclosures were reported by the authors of
this paper.
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The National Cancer Institute’s Transdisciplinary
Centers Initiatives and the Need for Building a

Science of Team Science

Robert T. Croyle, PhD

Introduction

hen the National Cancer Institute (NCI) was
Wreorganized by former Director Richard

Klausner, a new Division of Cancer Control
and Population Sciences (DCCPS) was established in
the Fall of 1997. Under the leadership of Drs. Barbara
Rimer and Robert Hiatt, the division rapidly set out to
reinvigorate the science of cancer control through the
development of new initiatives in surveillance, epidemi-
ology, health services, behavioral, and cancer survivor-
ship research. One important assumption underlying
these efforts was that the speed of scientific progress
and its effective application to public health problems
would depend on the integration of discipline-specific
efforts and increased support for collaboration, evi-
dence synthesis, and the science of dissemination.' A
key strategy for achieving those goals was the develop-
ment of new transdisciplinary team science research
centers, focused on four problem domains that were
seen as critical barriers against effective cancer preven-
tion and control: tobacco use, health disparities, obe-
sity, and poor communication. Although these four
initiatives were housed within the new Behavioral Re-
search Program within DCCPS, it was clear from the
outset that to effectively accomplish the program ob-
jectives, both the centers projects and investigators
would need to span a wide range of disciplines, from
molecular biology to policy studies.

Soon after I moved to NCI in July of 1998 as the first
Associate Director for Behavioral Research in DCCPS, 1
had the privilege of developing the Request for Applica-
tions (RFA) for the first of the series of transdisciplinary
science initiatives. The Transdisciplinary Tobacco Use
Research Centers (TTURCs) were developed and funded
in collaboration with the National Institute on Drug
Abuse (with the support of Jay Turkkan and Alan Lesh-
ner) and the Robert Wood Johnson Foundation (with the
support of Nancy Kaufman and Tracy Orleans).*” It is
important to remember that in the late 1990s, when this
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effort was launched, transdisciplinary was an unfamiliar
term in biomedical and behavioral research. The NIH
Roadmap had yet to be conceived. In fact, some members
of NCI's Board of Scientific Advisors disputed whether
transdisciplinary was a word at all!

A lot has changed in the past decade. One scholar,
noting the recent popularity of all things interdiscipli-
nary or associated with interdisciplinarity in academia,
complained that “so powerful are the I-words that it is
difficult to oppose anything (including top-down allo-
cation of resources) done in their names—and cynical
speculations abound that a person or committee’s
proclaimed commitment to them is strategic, not heart-
felt.”* But despite the skepticism, both universities and
research funders have continued to invest in new
programs to grow interdisciplinary research. NCI
launched the Integrative Cancer Biology Program,
Stanford University initiated the Bio-X Program, and
several centers, training programs, and research
projects were funded through the Interdisciplinary
Research component of the NIH Roadmap initiative.
One of the most distinctive efforts supports not only a
newly constructed physical infrastructure, but also the
scientific projects conducted there. The new Janelia
Farm facility in Virginia, funded by the Howard Hughes
Medical Institute, houses an interdisciplinary neurobi-
ology center for high-risk, collaborative research.” Jane-
lia Farms is a grand experiment in a new way of doing
science, and many observers will be watching closely to
see the outcome.

Two critical concerns emerged from these efforts:
(1) the relative merits of these investments versus
traditional discipline-specific activities, and (2) how
best to ensure their success. Funders and investigators
alike are asking: How do we evaluate interdisciplinary and
transdisciplinary team science?

Once the TTURCs were launched, it immediately
became clear that the NIH, including NCI, had no clear
metrics for evaluating problem-focused centers initia-
tives like the TTURGs. In addition, the specific goals of
the TTURGsS, which included the development of novel
transdisciplinary team science and training, were based
on assumptions about how best to facilitate scientific
progress that had yet to be tested empirically. There-
fore, it was clear that the TTURCs presented both a
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challenge to the science of evaluation and an opportu-
nity to develop new evaluation methods by studying the
process and outcomes of transdisciplinary science itself.

The logical next step was to initiate an evaluation
methods development effort focused on the assessment
of constructs, such as collaboration and transdiscipli-
narity, that were deemed essential to the process of
planning and conducting transdisciplinary science. The
ELI (Evalution of Large Initiatives) Project, as we called
it, was initially designed as an effort to specify, measure,
and understand the transdisciplinary science goals and
processes within the TTURCs. However, at the very
outset, we also conceived it as a pilot project for a
longer-term effort to develop an evaluation toolkit for a
variety of large science initiatives. We asked Bill Tro-
chim of Cornell University to lead this initial effort,
which is described in a recent publication6 and in the
Masse et al.” article in this supplement.

From these early experiences, as well as the challenge
of evaluating subsequent centers’ initiatives (e.g., Cen-
ters for Population Health and Health Disparities,
Centers of Excellence in Cancer Communication Re-
search, Transdisciplinary Research in Energetics and
Cancer centers), it became clear that an expanded
effort focusing on the “science of team science” was
merited. We asked Dan Stokols to lead this second
phase of the ELI project, which included the evaluation
of the Transdisciplinary Research in Energetics and
Cancer (TREC) centers, described by Hall et al.% in this
issue, and the planning of the Science of Team Science
conference that formed the basis of this supplement to
the American Journal of Preventive Medicine.”!

Building a Case for the Science of Team Science

Understandably, the consideration of new methods for
evaluating scientific initiatives to complement the tra-
ditional peer review, expert opinion model raises con-
cern among investigators. Although improvements can
always be made, NIH’s peer review system has served as
a model both within and outside of the U.S. But it is
important to recognize that funders have fiduciary,
strategic, and societal responsibilities that go well be-
yond those that are shared by the individual investiga-
tor or scientific discipline. Federal agencies have to be
accountable to a broader and more diverse set of
constituencies for the productivity and impact of spon-
sored research. At the same time, the credibility of the
peer review process for biomedical and behavioral
research may be diminished if scientists strenuously
advocate for the application of a scientific epistemology
to their subjects but resist its application to themselves.
To put it more bluntly, if we don’t develop methods to
evaluate our science, someone else will. Basic science is
especially vulnerable, given the time lag until impact.
As Gallagher®® has argued, “Blind implementation of
half-baked outcomes assessment by apparatchiks is the
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nightmare scenario. It could be the death of curiosity-
driven research and must be actively guarded against by
scientists.” Our strategy for navigating these conflicting
priorities has been to focus our evaluation development
efforts not on the evaluation of individual studies or
grants (appropriately, the domain of traditional peer
review) but on evaluation at a higher level, the level of
large initiatives that support a multidisciplinary group
of grants or research networks.

In addition to avoiding ill-informed evaluations by
nonscientists, there are at least four compelling reasons
for accelerating our efforts to develop a science of team
science now. First, team science is here, and the trend
is not limited to biomedical research. A massive study
by Wuchty et al.*® of 19.9 million research articles and
2.1 million patent records associated with a wide range
of disciplines showed steady growth in both the propor-
tion of publications and patents by teams and the size
of those teams. Second, concerns continue to be raised
within the scientific community itself about the produc-
tivity of science and the appropriate balance between
large-scale team science and traditional, individual-
investigator-initiated studies. The National Science
Foundation, for example, found that despite increases
in funding, the overall number of publications by U.S.
scientists remained flat.** This may not be a bad thing,
if, as the Wuchty et al. analysis indicated, investigators
who coalesce in teams are producing articles with
greater impact.

Third, there are well-established bodies of research,
including methods and theories, which have yet to be
utilized in most studies of scientific initiatives. One
reason is the existence of disciplinary silos, the very silos
that transdisciplinary team science seeks to penetrate.
Much of this work comes from disciplines within the
social and behavioral sciences (e.g., work on teams®
and leadership%), but, as the articles in this issue
demonstrate, the humanities have much to contribute
as well. A science of team science can build an empir-
ical foundation to allow the experiences from one
initiative to inform another?” and produce conceptual
frameworks for the integration of science across multi-
ple levels.”® In addition, it can lend objectivity to the
evaluation of processes such as collaboration through
the development of quantitative indices, such as biblio-
metric measures of collaboration.*

A fourth argument in favor of building a science of
team science is the fundamental importance of train-
ing. Education can and should be a science-based
activity, but to inform modern team science, we need a
better understanding of how and when to initiate
interdisciplinary and transdisciplinary experiences.
This complex and multifaceted issue can be studied
systematically at multiple levels. Sadler and Tai* pro-
vided one creative example of how debates concerning
the sequencing of science courses and their cross-
disciplinary benefits (e.g., does a physics course help
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performance in a later biology course) can be informed
by careful educational research. They examined the
relationship between high school math and science
preparation and performance in college science
courses. They found no evidence to support cross-
disciplinary benefits of high school science courses
(e.g., taking high school physics did not improve per-
formance in college chemistry), but found strong evi-
dence to support cross-disciplinary benefits of high
school calculus. In this issue, Nash!® explores transdis-
ciplinary training at the graduate and postdoctoral
levels, suggesting strategies for overcoming the many
barriers against success in this domain.

Bridging Team Science with Public Policy

What'’s in store for transdisciplinary team science in the
coming decade? As we continue to advance our ability
to rigorously evaluate team science efforts, we also need
to gradually but steadily expand the interface between
large-scale problem-solving in science and the develop-
ment of public policy. Traditionally, the National Acad-
emies have played an important role in this interface,
but only a small minority of the many reports issued by
the Academy and Washington DC-area think tanks
attracts serious attention from policymakers. Congress
is considering whether to revive its Office of Technol-
ogy Assessment, created in 1972 but defunded in 1995,
to facilitate the utilization of science in legislation.
Innovations and processes that increase the utilization
of scientific evidence in policymaking are sorely needed,
but it remains to be seen whether scientists will step up to
the plate in sufficient numbers. Too few scientists see it as
their responsibility to contribute to the science policy
interface. Clearly, funders can play a key role in enabling
the participation of scientists in policy research, develop-
ment and decision making. The Robert Wood Johnson
Foundation and the American Cancer Society, for exam-
ple, have supported projects with this focus, but profes-
sional scientific associations and federal agencies could do
more to facilitate this interface.

Some governments are experimenting with ambi-
tious new strategies to enable the application of new
interdisciplinary knowledge from science and industry
to complex societal problems. In the United Kingdom,
for example, the Technology Foresight Program®' has
taken on issues such as obesity, addiction, and crime
prevention, merging evidence synthesis with policy and
budget development, followed by project impact assess-
ments led by cabinet ministers. In the U.S., special
commissions, working groups, and tasks forces have
been created on a range of topics, but these are rarely
accompanied by a sustainable implementation process
that outlives changes in political leadership. The op-
portunities and challenges in integrating transdisci-
plinary team science leaders and their discoveries with
non-academic sectors were well-articulated by Neal
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Lane, a former Director of the National Science Foun-
dation. His call to action substantiates our reason for
supporting this special issue, the need to understand
the processes by which large team science efforts can be
successful not only in generating new knowledge, but
also in changing our strategies for disease prevention
and control:

The successful application of new knowledge and
breakthrough technologies, which are likely to
occur with ever-increasing frequency, will require
an entirely new interdisciplinary approach to poli-
cymaking: one that operates in an agile problem-
solving environment and works effectively at the
interface where science and technology meet
business and public policy. It must be rooted in
vastly improved understanding of people, organi-
zations, cultures, and nations and be imple-
mented by innovative strategies and new methods
of communication. All of this can occur only by
engaging the nation’s top social scientists, includ-
ing policy experts, to work in collaboration with
scientists and engineers from many fields and
diverse institutions on multidisciplinary research
efforts that address large but well-defined na-
tional and global problems.*

No financial disclosures were reported by the author of this
paper.
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The Science of Team Science
Assessing the Value of Transdisciplinary Research

S. Leonard Syme, PhD

everal years ago, I chaired a committee organized

by the IOM to consider the success of our public

health efforts to prevent disease. The resulting
493-page report concluded that we were not doing a
very good job."! The committee offered 18 recommen-
dations intended to improve this situation. The first
recommendation was that we needed to develop a
better balance between clinical approaches to disease
prevention (presently the dominant public health
model for most risk factors) and work that recognizes
the importance of generic social and behavioral deter-
minants of disease, injury, and disability. The second
recommendation was that we needed to develop inter-
ventions that took account of a wide range of health
determinants that operated at the individual, interper-
sonal, institutional, community, and policy levels. The
main message was that we needed somehow to tran-
scend our disciplinary silos and consider a much
broader set of determinants in a far more complex way
than we have so far been able to do. Easier said than
done. The papers in this supplement to the American
Journal of Preventive Medicine®™'° therefore are a timely,
important, and badly needed contribution to our work
in preventing disease and promoting health.

We all know the problem. Within the next 15 years,
the number of people aged >65 in the U.S. will have
doubled. Medical care resources in this country are
already severely challenged. When the number of older
people dramatically increases, the burden on medical
care will be beyond anything we can now imagine. The
importance of disease prevention in helping to deal
with this crisis is obvious. To develop appropriate and
effective prevention programs is going to require a new
paradigm.

At present, our prevention efforts depend on re-
search to identify disease risk factors so that we can
share our acquired wisdom with people at risk. The
idea is that these people will then rush home and
change behavior to lower their risk. There are three
problems with this approach. First, it has proven ex-
traordinarily difficult to identify those risk factors. For
the leading cause of death, coronary heart disease, the
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major identified risk factors (serum cholesterol, high
blood pressure, smoking, physical inactivity, obesity)
account for less than one half of the coronary heart
disease that occurs. Our success in identifying risk
factors for other diseases is even less impressive. Sec-
ond, even when risk factors are identified, it has proven
very difficult for people to change their behavior to
lower their risk. And third, even when people do
successfully reduce their risk, new people continually
enter the atrisk population because we rarely identify
those forces in the society that cause the problem in the
first place.'” Our silo-based work has not served us well.

The challenge of overcoming this silo approach is
overwhelming. Those of us in different silos have been
trained quite differently, we have read different kinds
of books, we use different languages, we evaluate the
quality of research data and evidence quite differently,
and we have very different assessments of what it takes
to do good research. Oftentimes, we don’t even respect
one another. Can you imagine these types of problems
in an environment where a specific problem needs to
be solved? Imagine a company that makes airplanes. In
such a company, there must be people representing
hundreds of discipline specialties. It is inconceivable
that these people would argue about the supremacy of
their discipline compared to the others. They have an
airplane to build! The challenge of solving the design
and construction of the airplane problem clearly would
take precedence over turf battles.

It is within the context of this charged and sensitive
environment that we welcome this supplement to
AJPM*7'°: There is a paper in this volume that explicitly
examines the collaborative process and the way it
affects the trust and respect of participants. There is a
paper that suggests ways to assess the collaborative
process. There is a paper that presents examples of
other areas in which transdisciplinary research has in
fact worked well. There is a paper that examines the
role of leadership in facilitating the transdisciplinary
process. There are papers that demonstrate the ways in
which transdisciplinary research has been useful in
shedding light on the etiology of diseases, on risk
factors, and on the translation of findings for more
effective intervention programs. And there is a paper
discussing the way in which interdisciplinary thinking
has become an important dimension of thinking at the
NIH.

0749-3797/08/%-see front matter
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This latter contribution regarding funding raises a
pivotal challenge for the future of transdisciplinary
work. The NIH is the most important source in the
country for funding both research and training in the
health field. Overwhelmingly, however, successful re-
search and training grants are awarded for programs
(1) that target a specific disease (coronary heart dis-
ease, cancer) or a disease-specific risk factor (smoking,
obesity); and/or (2) that focus on work at the labora-
tory, clinical, or population level. Transdisciplinary
proposals that seek to look at health more generally or
that attempt to integrate work at several levels often
have a difficult time in the traditional study section
setting that dominates the review process at the NIH;
that this landscape is now being reconsidered is refresh-
ing and of critical significance for the future of trans-
disciplinary work.

Several years ago, the Canadian government decided
to develop a National Institutes of Health for Canada.
Many of us warned them that if they patterned their
NIH along the same lines as our NIH, it would set back
for many decades the cause of preventive work. They
did subsequently establish the Canadian Institute for
Health Research with the usual institutes devoted to
cancer, circulatory diseases, arthritis, and diabetes but
they also established institutes on population health,
aboriginal peoples, health services and policy research,
and gender. I served for 5 years on the Advisory Board
for the Institute of Population and Public Health, and I
can testify to the dramatically different type of consider-
ations that take place when one is free to transcend a
narrow focus on specific diseases and disease-specific risk
factors. Similarly, the Robert Wood Johnson Foundation
has recently developed a post-doctoral training program
called Health and Society that specifically emphasizes a
transdisciplinary approach to health. The work being
done by many of these scholars is truly amazing. So it can
be done.

Thomas Kuhn wrote is his classic book, The Structure
of Scientific Revolutions,"® that paradigm shifts occur in
science when the old ways of making sense of the world
are no longer useful or appropriate. The need for a
transdisciplinary approach to the study of health and
disease is critically needed because the traditional silo
approach to these issues clearly is not adequate to the
challenges we face. As has been noted, we are not able
to identify many disease risk factors; even when we do
successfully identify risk factors, it is difficult for people
to change their behavior to change their risk profile;
and even if people do change their behavior, new
people continually take their place because we have
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failed to identify many of the fundamental societal
forces that cause the problem in first place. A new
paradigm is needed. The papers in this issue bring
together a series of refreshing, imaginative, and ur-
gently needed new perspectives on this problem. This
supplement to AJPM is a major contribution to our
thinking.

No financial disclosures were reported by the author of this
paper.
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Theoretical Perspectives on Team Science

The Ecology of Team Science

Understanding Contextual Influences on
Transdisciplinary Collaboration

Daniel Stokols, PhD, Shalini Misra, MS, Richard P. Moser, PhD, Kara L. Hall, PhD, Brandie K. Taylor, MA

Abstract:

Increased public and private investments in large-scale team science initiatives over the past
two decades have underscored the need to better understand how contextual factors
influence the effectiveness of transdisciplinary scientific collaboration. Toward that goal,
the findings from four distinct areas of research on team performance and collaboration
are reviewed: (1) social psychological and management research on the effectiveness of
teams in organizational and institutional settings; (2) studies of cyber-infrastructures (i.e.,
computer-based infrastructures) designed to support transdisciplinary collaboration across
remote research sites; (3) investigations of community-based coalitions for health promo-
tion; and (4) studies focusing directly on the antecedents, processes, and outcomes of
scientific collaboration within transdisciplinary research centers and training programs.
The empirical literature within these four domains reveals several contextual circum-
stances that either facilitate or hinder team performance and collaboration. A typology of
contextual influences on transdisciplinary collaboration is proposed as a basis for deriving
practical guidelines for designing, managing, and evaluating successful team science

initiatives.

(Am J Prev Med 2008;35(25):596-S115) © 2008 American Journal of Preventive Medicine

Introduction

he growing interest and investment in transdis-
ciplinary team science over the past 2 decades

are reflected in the establishment of several
large-scale research and training initiatives by both
public agencies and private foundations.'”” This in-
creasing commitment to transdisciplinary collaboration
in science and training stems from the inherent com-
plexity of contemporary public health, environmental,
political, and policy challenges (e.g., cancer, heart
disease, diabetes, AIDS, global warming, inter-group
conflict, terrorism), and the realization that an integra-
tion of multiple disciplinary perspectives is required to
better understand and ameliorate these problems.®™'*
The expanded investment in team science and train-
ing has prompted greater demands for evidence that
they be cost effective and justifiable in terms of their
scientific, training, clinical, policy, and health out
comes, especially relative to smaller-scale, discipline-
based research projects.'*™'® Team science initiatives
typically entail substantial multiyear commitments of
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monetary, human, and material resources.'” Critics of
team science contend that its value-added contribu-
tions to scholarship, training, and public health may
not be evident for several decades and are exceed-
ingly difficult to calibrate in rigorous experimental
fashion relative to those yielded by smaller-scale,
unidisciplinary projects (e.g., single-investigator NIH
RO1 grants).'®!?

Even proponents of team science initiatives note that
they are highly labor intensive; often conflict-prone;
and require substantial preparation, practice, and trust
among team members to ensure a modicum of suc-
cess.?’™* The labor-intensity of collaborative research
programs may pose unique risks to young scholars who
are particularly concerned about establishing strong
scientific identities within their chosen fields.*® Consis-
tent with these concerns, a growing number of studies
focusing on the processes and outcomes of transdisci-
plinary scientific collaboration suggest that the effec-
tiveness of team initiatives is highly variable and de-
pends greatly on certain contextual circumstances and
collaborative readiness factors.”*™® It is becoming in-
creasingly clear that investments in team science are
not uniformly cost effective, although they can be
enormously valuable under the right circumstances
(e.g., the cross-disciplinary collaboration of Watson and
Crick on the structure of DNA, the Kennedy Adminis-
tration’s commitment to land a crew on the moon by
1969).27:28

0749-3797/08/%-see front matter
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Considering the varying levels of effectiveness that
have been achieved by transdisciplinary teams and
research centers within the health sciences, it is impor-
tant to better understand the contextual determinants
of collaborative success as a basis for knowing when
(and when not) to invest in large-scale team science
initiatives.*” In short, investments in transdisciplinary
team science and training must become more strategic
and cost effective in the coming years, especially in light
of recent budget cuts, resource shortages, and the
importance of ensuring that research investments will
yield scientific and translational advances that directly
ameliorate population health and environmental prob-
lems at national and global levels.*

Mapping the Ecology of Team Science

To establish a more-strategic basis for designing, man-
aging, and evaluating team science initiatives (and
deciding when to opt instead for smaller-scale, unidis-
ciplinary approaches to health problems), this review
examines the ecology of team science, or the complex
web of intrapersonal, interpersonal, organizational, in-
stitutional, physical environmental, technologic (e.g.,
cyber), and other political and societal factors that
influence the effectiveness of transdisciplinary collabo-
ration in research, training, clinical, and public-policy
settings. This ecologic analysis suggests a typology of
contextual circumstances that jointly determine the
effectiveness of transdisciplinary science and training.
A key implication of the proposed typology is that
investments in team science should be strategically
targeted toward those research questions, settings, and
teams that are most conducive to the collaborative
success and long-term cost effectiveness of transdisci-
plinary initiatives.*!

Identifying the most appropriate criteria for judging
the effectiveness of transdisciplinary team science initi-
atives depends, of course, on the ways in which key
dimensions of team performance and the essential
qualities of transdisciplinary collaboration are defined.
For instance, in the fields of social psychology and
organizational behavior, the effectiveness of a team’s
performance is typically defined in terms of the quan-
tity and quality of team products; the affective, behav-
ioral, and cognitive influences a transdisciplinary team
has on its members; and the team’s capacity to perform
effectively in the future.” Yet the evaluation of team
science initiatives (defined as a unique form of intel-
lectual teamwork) generally impose additional criteria
of success. For instance, Rosenfield®® contends that a
sine qua non of effective transdisciplinary collaboration
is the development of shared conceptual frameworks
that integrate and transcend the multiple disciplinary
perspectives represented among team members.
Moreover, transdisciplinary conceptual frameworks
are characterized as reflecting a higher degree of
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integration than is achieved through interdiscipli-
nary collaboration.’*™® The least-integrative forms
of cross-disciplinary research, according to Rosen-
field,”® are multidisciplinary projects in which partici-
pating scholars remain conceptually and methodologi-
cally anchored in their respective fields (although by
definition some sharing of diverse perspectives also
occurs in multidisciplinary research).

In contrast to Rosenfield’s definition of transdiscipli-
narity, the NIH Roadmap initiative* treats the terms
interdisciplinary and transdisciplinary as basically equiva-
lent and, for simplicity, focuses on the promotion of
interdisciplinary collaboration. Within the Roadmap
initiative, interdisciplinary research is defined as that
which “. .. integrates the analytical strengths of two or
more often disparate disciplines to create a new hybrid
discipline.”* Examples of hybrid fields spawned by
interdisciplinary health research are cognitive neuro-
science, behavioral medicine, psychoneuroimmunol-
ogy, bioinformatics, pharmacogenetics, proteomics,
nanotechnology, and populomics.®”-*

In the ensuing discussion, the distinctions among
multidisciplinarity, interdisciplinarity, and transdiscipli-
narity posited by Rosenfield and endorsed by others are
retained, because these terms define collaborative ef-
fectiveness along a continuum of scientific achieve-
ments rather than in terms of a dichotomy between the
emergence or non-emergence of a hybrid scientific
field.'*!*21%639 For example, the development of a
shared conceptual framework among members of a
transdisciplinary research center can be viewed as an
important, albeit incremental, collaborative milestone,
even if it is only one of many intellectual precursors
that eventually cumulate in the form of a newly recog-
nized hybrid field. If the effectiveness of team science
were defined solely in terms of the emergence of new
hybrid fields, then many near- and mid-term collabora-
tive scientific achievements would remain undetected
in the evaluation of team initiatives. Thus, it is impor-
tant to account for the temporal sequence of transdis-
ciplinary collaborative outcomes (e.g., from the early
development of integrative conceptual frameworks to
the subsequent emergence of new hybrid scientific
fields) in the evaluation of team science initiatives.

Generic and Project-Specific Criteria for Gauging the
Effectiveness of Transdisciplinary Collaborations

The contrasting definitions of cross-disciplinary re-
search (e.g., multidisciplinarity, interdisciplinarity, and
transdisciplinarity) presented by Rosenfield and the
NIH Roadmap initiative (and the alternative criteria for
judging the effectiveness of transdisciplinary collabora-
tions) are generic in the sense that they are intended to
apply to broad categories of similarly organized initia-
tives and programs (e.g., National Cancer Institute
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transdisciplinary research and training centers). How-
ever, when diverse team science programs are com-
pared, it becomes apparent that they often assign
different priorities among the multiple potential out-
comes of transdisciplinary collaboration. For instance,
team science initiatives such as the NIH Clinical Trans-
lational Research Centers and the Centers for Popula-
tion Health and Health Disparities emphasize strategies
of community-based participatory research (as well as
basic medical and behavioral research) for achieving
effective collaboration among university researchers
and community-based health practitioners as they work
together to design and implement evidence-based
disease-prevention programs.””***! Other team science
initiatives, however, place less emphasis on the transla-
tion of scientific research into clinical practices and
give higher priority to scientific discovery and intellec-
tual integration. Thus, in addition to considering the
generic criteria of transdisciplinary collaborative suc-
cess, it is also essential that the evaluation of team science
programs take into account their diverse, project-specific
goals, ranging from the achievement of scientific ad-
vances and the education of transdisciplinary scholars
to the translational, clinical, and public-policy benefits
that accrue from investments in transdisciplinary re-
search and training. To be maximally useful, the eval-
uation of team science initiatives should incorporate
metrics that give the greatest weighting to the highest-
priority goals (e.g., scientific, training, translational,
policy) specified at the outset of each initiative by
major stakeholder groups (e.g., funding agencies,
principal investigators, community organizations,
elected officials).!”%"

At the same time, the content and priority ranking of
collaborative goals may change over the life course of
an initiative. For instance, the initial stage of a team
science project may give the greatest emphasis to basic
research and training, whereas the intermediate and
long-term phases of collaboration may assign greater
importance to the translation of scientific knowledge
into community interventions and policies designed
to improve public health. Thus, the substance and
relative importance of an initiative’s major goals may be
phase-specific.

Clearly, any discussion of the ecology of team science
must address the complexities inherent in selecting
criteria for gauging the effectiveness of transdisci-
plinary collaboration, including those mentioned
above. The typology of factors that influence the effec-
tiveness of team science, presented in a later section of
this paper, recognizes that the definition of effective-
ness and the identification of highest-priority goals will
vary somewhat among different research and training
programs and across their different phases, and that
the design, management, and evaluation of transdisci-
plinary initiatives must be tailored to address the
unique and highest-priority goals of each. Moreover,
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multiple stakeholder groups (e.g., researchers, funders,
community members) may define the highest-priority
goals of a transdisciplinary program differently, thereby
creating yet another challenge to the design, manage-
ment, and evaluation of team science initiatives, as
discussed below.

Review of Empirical Research on Team Performance
and Transdisciplinary Collaboration

This analysis of contextual factors that influence the
success of transdisciplinary collaborations is guided by
empirical evidence drawn from at least four areas of
scientific research: (1) social psychological and man-
agement research on the effectiveness of teams in
organizational and institutional settings; (2) studies of
cyber-infrastructures (i.e., computer-based infrastruc-
tures) designed to support transdisciplinary scientific
collaboration; (3) field investigations of community-
based coalitions for disease prevention and health
promotion; and (4) studies focusing explicitly on the
antecedents, processes, and outcomes of effective col-
laboration within transdisciplinary research centers and
training programs. These areas were selected for review
because they all identify key factors that facilitate or
constrain teamwork across a variety of institutional and
community settings. At the same time, the four re-
search domains differ from each other in certain
conceptual and methodologic respects. For instance,
social psychological studies of team performance have
relied heavily on short-term, laboratory-experimental
investigations of randomly composed groups, whereas
those in the fields of organizational behavior and
management science more often have employed longi-
tudinal field research to evaluate the functioning of
pre-existing teams in corporate and other naturalistic
settings.”**~** Also, the criteria used to assess collabo-
rative effectiveness vary widely, depending on whether
the groups under study are randomly assembled and
instructed to work on short-term experimental tasks or
are longer-standing, self-selected teams employed by
ongoing organizations to achieve specified financial,
health, or intellectual outcomes.”® Thus, university—
community coalitions collaborate to promote popula-
tion health, improvements in environmental quality,
and social justice within a local community, whereas
transdisciplinary science and training programs often
place greater emphasis on intellectual discovery and
scientific advancement as the most-highly prized collab-
orative outcomes.*’

The four research domains reviewed below vary not
only in terms of the kinds of teamwork studied within
each, but also in the breadth or scope of collaboration
examined in each field. Cross-disciplinary collabora-
tions can be compared on at least three dimensions of
integrative scope: organizational, geographic, and ana-
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lytic, each ranging from narrow to broad.?° The orga-
nizational scope of transdisciplinary collaboration in-
cludes intra-organizational partnerships in which
participants work together within a single organization;
inter-organizational alliances whose participants span
multiple organizations; and intersectoral partnerships
in which members representing multiple communities,
regions, or nations form alliances to develop programs
or policies covering larger geographic and political
domains. For instance, studies of team performance in
the fields of social psychology, organizational behavior,
and management science predominantly emphasize an
intra-organizational perspective, whereas research on
university-community coalitions for health promotion
encompass inter-organizational and intersectoral con-
texts of collaboration.

Similarly, the geographic scope of transdisciplinary
collaboration ranges from local groups to community,
regional, and national/global contexts of collabora-
tion. Scientific teams, for example, include those
based solely at a single locale (e.g., a university or
research institute) as well as those whose participants
collaborate across multiple, dispersed locations, of-
ten using electronic support systems to facilitate their
communication.*®

Finally, the analytic scope of transdisciplinary collab-
oration ranges from molecular (e.g., neuroscience) to
molar (e.g., public policy) levels of intellectual analysis,
depending on the nature of the scientific or commu-
nity problems addressed by the team. As intellectual
analyses move from molecular or cellular levels to
community and policy perspectives, a wider range of
academic and professional vantage points must be
bridged to achieve a transdisciplinary approach to the
problems at hand.?® Generally, transdisciplinary collab-
orations encompassing broader organizational, geo-
graphic, and analytic scope face a larger and more
complex array of potential coordination constraints as
they pursue their scientific and community problem-
solving goals.*

Differences in the kinds and scope of transdisci-
plinary collaborations studied within diverse fields sug-
gest that extrapolations among the findings reported in
each domain must be drawn with caution. A major goal
underlying this analysis of transdisciplinary collabora-
tion is to develop a typology of circumstances that
constrain or enhance the effectiveness of team science
and training programs. When the relevance of findings
from social psychological and management studies of
team performance for understanding transdisciplinary
science initiatives are considered, for example, it is
important to remain mindful of the differences be-
tween experimental teams studied in laboratory set-
tings, on the one hand, and community-based coali-
tions and research organizations examined through
naturalistic field research, on the other; or between
assemblages of independent-minded scientists working
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in university settings compared to members of corpo-
rate teams that report directly to a single company boss.
Nonetheless, certain contextual factors are consistently
identified as important correlates or determinants of
collaborative success across several research areas, as
noted below. In this paper, particular attention is paid
to these widely observed, high-leverage variables in
developing a typology of contextual factors that influ-
ence the effectiveness of transdisciplinary collabora-
tions. With those caveats, a review of empirical evidence
drawn from four relevant research domains begins
below.

Social Psychology and Management Research on the
Effectiveness of Teams

Experimental studies of group dynamics and interper-
sonal processes (e.g., leadership, conformity, conflict)
conducted in laboratory settings have been a focal area
of social psychological research over the past six de-
cades.** 44748 A5 concerns have grown in recent years
about improving collaboration among members of
community-based organizations, field research on teams
working in and across specific organizational settings
has expanded as a basis for better understanding how
successful teams® work and what factors determine
their effectiveness, such as team members’ familiarity
with each other, their social cohesiveness, group size,
and leadership styles.” ™% Empirical findings from this
research are outlined below. Although the relevant
literature is quite extensive, space constraints necessi-
tate that the review of this earlier work be selective
rather than exhaustive.

Team Members’ Familiarity and
Social Cohesiveness

Recent reviews of research on team effectiveness sug-
gest that increased familiarity among team members as
well as greater social cohesiveness lead to increased
productivity.’*** Relatedly, it has been observed that
social cohesiveness is enhanced in part by good perfor-
mance itself.*> In many organizational settings, strong
network ties are more likely to form among members
who share similarities in various demographic and
educational criteria than among those who do not.”

“It is noted that distinctions have been drawn in social psychological
and management research between the terms teams, groups, task
forces, and their various subcategories (e.g., project teams, top
management teams, production teams, action/involvement teams).
However, these differences are not essential for purposes of this
discussion, because all of the terms refer similarly to collections of
interdependent individuals who share responsibility for outcomes
and are recognized as distinct social entities by their members and
outsiders. Moreover, because this study’s purpose is to review the
literature across disparate fields and to establish emergent themes
relevant to transdisciplinary collaboration, the term team will be
applied to all forms of collaboration examined in social psychology
and management research.
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Some studies have found that homogenous teams,
although more socially cohesive, do not perform as well
as heterogeneous teams on certain kinds of tasks,
especially on creative and intellectual tasks.”*™® Katz
observed that familiarity among team members had a
negative effect on team performance with the passage
of time, suggesting that temporal factors play a crucial
role in members’ efforts to establish and sustain high
levels of performance.32’57 A recent experimental study
assessed the effect of time on team performance under
two conditions—one in which members were familiar
with each other and another in which they were not—
and found that, over time, initially unfamiliar team
members performed just as well as the other team
whose members were more familiar with each other at
the outset.”®

One explanation of the declining performance of
teams whose members are familiar with each other is
that, as familiar group members become more cohesive
over time, interpersonal processes that diminish perfor-
mance, such as social loafing” and “groupthink,” in-
tensify as well.®”~°* Another explanation is that com-
munication among members declines as teams age.57
Okhuysen® found that familiar teams exhibit less flex-
ibility for change compared to teams of strangers,
thereby jeopardizing their performance. Teams that
are able to adapt to fluctuating task demands are more
likely to be effective, because these environmental
challenges prompt members to evaluate their current
strategies and abandon ineffective ones.®* Familiarity,
however, may lock members into ineffective strategies
over time because of their reluctance to modify pre-
established roles and patterns of interaction.®® Conver-
gent evidence for the inverse link between familiarity
and performance over time emerged from a field
investigation of interdisciplinary scientific networks,' a
topic discussed more fully in a later section.

Team Size and Physical
Environmental Conditions

The effects of team size on performance are mixed,
with some studies indicating that large teams require
more coordination and time to reach decisions,”® and
others finding that teams, even with as many as 30-40
members, can achieve higher levels of performance
because of their access to greater resources—especially
time, energy, money, and expertise—for task comple-

"In the social psychology of groups, the social-loafing effect has been
defined as a situation in which people expend less effort when
working in groups than when working alone. One explanation is that
people can get away with poor performance in groups because their
individual outputs are not identifiable. Another is that they expect
the other group members to loaf, and therefore lessen their own
efforts to establish an equitable division of labor.>

“When group members try to reach consensus or minimize conflict
without critically analyzing and evaluating ideas, either to avoid
angering other group members or avoid being seen as foolish, they
are exhibiting groupthink.®
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tion.*% Stewart’s meta-analysis®’ examined empirical
links between differences in team size and performance
levels among teams working on complex tasks in un-
certain environments and found a small but positive
effect of team size on performance.

However, another study® of 15 interdisciplinary
treatment teams in a hospital setting (where group sizes
ranged from 5 to 12 members) found that overall
effectiveness, measured by cohesiveness, meeting hos-
pital standards, and the personal well-being of team
members, was greater among smaller teams. That study
also found that high levels of interdisciplinary collabo-
ration were linked to greater cohesiveness which, in
turn, contributed to improved performance. Moreover,
members’ ratings of physical environmental conditions
at work, such as the availability of quiet and comfort-
able places for team meetings and adequate materials
for discussion, were positively related to reported
levels of interdisciplinary collaboration. The influ-
ence of a team’s physical environment on patterns of
collaboration also has been observed in earlier stud-
ies of corporate teams and university-based research
centers, 13:26:69-71

It is important to note that the optimal team size for
enhanced performance is likely to vary, depending on
the kinds of teams and organizations under study. For
example, in a study of interdisciplinary research and
training centers, Rhoten® found that smaller (<20
investigators) and medium-sized (21-50 members) cen-
ters were more conducive to the generation of interdis-
ciplinary knowledge than larger centers (>50 investi-
gators). Yet in other settings such as corporate
departments, 20-member teams may be regarded as
large rather than small. The relationships between
membership size and performance quality thus are
conditioned by the unique goals of particular teams
and the ecologic contexts in which they function.

Leadership Traits and Behaviors

. . 929 7¢ T
Earlier studies'”**"2 of transdisciplinary research cen-

ters and teams suggest that leaders substantially influ-
ence collaborative processes and outcomes. Yet empir-
ical links between the specific traits and behaviors of
leaders and the effectiveness of team science initiatives
remain to be drawn. There is, however, a long tradition
of research on leadership, group performance, and
organizational effectiveness within social psychology
and management science, some of which is rooted in
Max Weber’s conceptualization of charismatic lead-
ers.” For instance, research in these fields has identi-
fied various personal traits, such as intelligence, self-
confidence, physical appearance, educational status,
task-relevant knowledge, and sensitivity to members’
socio-emotional needs, that contribute to effective lead-
ership in team situations.”* "
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Recent studies have moved beyond analyses of spe-
cific leadership traits toward a broader focus on the
combinations of skills, patterns of behavior, and inter-
personal styles exhibited by exemplary leaders.”®"
According to Collins,* for example, it is the paradox-
ical blend of personal humility and strong professional
will that enables some individuals to become exemplary
leaders. Bennis®® suggests that the leaders of “great
groups” excel at generating and sustaining trust; culti-
vating a shared dream among members that provides
them with direction, meaning, and hope; and have a
bias toward risk taking and action. Similarly, the term
transformational leader has been used in other stud-
ies””%7®! to describe individuals who are able to en-
hance fellow-members’ motivation and performance by
offering them a strong vision of collective success,
bringing out the best in each member and empowering
her or him to reach personally and collectively impor-
tant goals. Teams rated higher on transformational
leadership see themselves as more potent and achieve
higher levels of performance.®!

An important direction for future research is to
examine the contextual influences on leaders’ effec-
tiveness within complex team science initiatives. As the
organizational and geographic scope of transdisci-
plinary collaboration increases (e.g., for multisite initi-
atives), leadership responsibilities often must be shared
and coordinated among multiple directors (e.g., those
having primary responsibility for scientific, financial,
and administrative leadership) located at geographi-
cally dispersed sites®*7%—a topic discussed further in a
later section of this review.

Participatory Goal Setting and
Communication Patterns

Participatory goal setting is thought to enhance team
performance by encouraging feelings of inclusiveness
among team members and providing them structure,
connection, and shared beliefs, as well as enhancing
collective efficacy.*”®""**** Importantly, the presence
of a goal, compared to no goal or ill-defined goals,
tends to elevate team performance by raising member
effort and stimulating communication and coopera-
tion.”” Team-development strategies such as experien-
tial learning and appreciative inquiry have been found
to be useful in facilitating members’ efforts to reach
consensus about shared goals and aspirations.”°!8%8

Communication has been a topic of long-standing
interest in research on group dynamics. The lack of
adequate feedback and communication is a major
impediment to effective team performance.®"*® Regu-
lar group communication involving the exchange of
organization-relevant knowledge among employees was
found to enhance innovation in a longitudinal study of
manufacturing firms.®” Good communication among
team members encourages feelings of trust and psycho-
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logical safety,”® and enables teams to better manage
issues of size, compatibility, and cohesion.®’ In a study
of new-product team managers in a high-technology
firm, Ancona and Caldwell®® demonstrated that not
only internal communication (communication among
team members) but also external communication
(communication beyond the teams) enhances perfor-
mance. The use of group brainstorming to promote
communication and idea generation also has received
support, especially for teams communicating electron-
ically.***>*® The issue of effective communication for
remote collaboration is discussed further in the section
on electronic communication among spatially dis-
persed teams.**?"

Task and Outcome Interdependence

An additional factor that has been shown to influence
team performance is the structural interdependence of
members’ tasks and rewards. An example of an interde-
pendent task is software development, which requires a
team consisting of programmers, quality-assurance ex-
perts, business analysts, and project managers to accom-
plish the task. An interdependent reward system is one
in which all members are assessed and rewarded
equally based on the performance of the team, regard-
less of variations in individual excellence. When re-
searchers work collaboratively on a shared enterprise
but pursue part of the project independently, they are
said to be a hybrid team. Accordingly, members tasks
and rewards have both individual and collective
elements.”!

In a study”! of 150 teams of technicians in a corpo-
ration, it was found that teams perform best when their
tasks and outcomes are either purely group-oriented or
purely individual-oriented. Higher levels of task inter-
dependence resulted in higher levels of cooperation,
helping, and learning behavior, and demonstrated
high-quality social processes. Similarly, group-reward
systems for highly interdependent teams motivated
members to perform well and resulted in greater effort.
Hybrid teams, however, performed poorly, exhibited
poor interpersonal processes, and had low levels of
member satisfaction.”'

These findings pose implications for the design of
transdisciplinary research collaborations, notwithstand-
ing the differences between corporate and scientific
settings. Because transdisciplinary team science re-
quires a high level of cooperation to achieve knowledge
integration across disciplinary boundaries, it would
seem advisable to organize research tasks so that they
are structurally interdependent; encourage sustained
collaboration through institutional, environmental,
and technologic supports; and reward collaborative
processes and achievements through an interdepen-
dent incentive system. Organizational structures that
have hybrid or very low levels of interdependence have
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been shown to produce low levels of interaction among
members and to prevent the development of collective
norms and mutual learning.”® At the same time, exces-
sive structural interdependence in research settings,
especially when not supported by organizational, envi-
ronmental, and technologic resources, can become
problematic, as much time and effort must be spent on
coordination issues rather than on the task itself. To be
maximally effective, team science initiatives may re-
quire a balance between interdependent task and re-
ward structures on the one hand, and opportunities for
autonomous or semi-autonomous teamwork on the
other 67:78.93

Team Effectiveness in Remote Collaboration

Remote collaboration refers to those arrangements in
which team members are geographically dispersed.
Spatially (and often temporally and culturally) sepa-
rated teams of workers collaborate on scientific or
managerial projects through the Internet and by using
other information and communication technologies.
New terms such as scientific collaboratories (the terms
virtual teams and distributed collaboration are also found
in the literature)*® have come to represent network-
based facilities and organizational entities that span large
distances to allow contact among researchers, access to
data and instruments, and the sustained interaction re-
quired to accomplish research tasks.”*™® Remote collab-
oration can be intra- or inter-organizational as well as
intersectoral in scope, depending on the particular
context of collaboration and its specific purpose. The
geographic scale of remote collaboration may be
quite broad, as members often communicate with
partners located in other countries. Distributed collab-
oration poses unique challenges for team effectiveness.
A small but steadily growing body of work has exam-
ined the conditions that facilitate and constrain the
performance of spatially and temporally dispersed
teams. These facilitative and constraining factors are
categorized as technologic, environmental, socio-
cognitive, and emotional.

Technologic Factors

The availability of adequate infrastructure—such as the
requisite bandwidth for distance technology tools (e.g.,
digital video and high-quality audio); state-of-the-art
workstations; and the availability of technical sup-
port—is critical to the scientific and managerial success
of distance collaboration. Olson and Olson,” for ex-
ample, describe how a team of manufacturing engi-
neers in Europe encountered difficulties while explain-
ing a manufacturing issue to design engineers in the
U.S. because they used only audio technology rather
than both audio and video. The high costs and in-
creased expenditure of time required to initiate and
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synchronize applications like data conferencing often
curtail their use (e.g., broadcasting slides only briefly
and reducing collaboration over joint work) 97 Because
scientific and managerial collaborations require the
transfer of large amounts of data securely and quickly,
even synchronously, the additional challenges of main-
taining data security, integrity, privacy, and long-term
archival access often arise.

Apart from these technologic infrastructure-readiness
factors, conditions of technology readiness also have
been addressed.”” Observational studies of scientific
and industrial collaboratories have found that users
unfamiliar or inexperienced with the use of advanced
technologies are not prepared for such forms of collab-
oration. Technology readiness also requires users to
have adapted to the habits and patterns of technology
use, such as preparing for and setting up meetings,
having regular access to technology, and making infor-
mation accessible to others in a timely fashion.”’ Assess-
ing the technology readiness of participants before
implementing distance collaboration is crucial for en-
suring its success.

Environmental Factors

Technology-mediated collaboration changes the way
people interact with their socio-physical surroundings.
Tacit behaviors taken for granted in face-to-face trans-
actions become major impediments in remote collabo-
ration. Teams using tools for audio conferencing, video
conferencing, or both, encounter difficulties such as
being unaware of other participants’ identities, the
topic of discussion, the identity of speakers, and the
mental and emotional states of their remotely located
partners.”” Distance collaborators must adapt to the
loss of shared physical settings and socio-spatial cues.
For instance, it becomes critical for dispersed team
members to be explicit about information that is nor-
mally tacit in collocated teams to ease the collaborative
process.”® Another adjustment that may facilitate re-
mote collaboration is the use of technology-mediated
communication only for unambiguous activities that
do not require frequent interaction and feedback
(e.g., data collection versus idea generation or
designing).?*%®

An additional constraint faced by virtual teams, espe-
cially in international collaboration, is working in dif-
ferent time zones.”® If coordinated well, work could
proceed 24 hours a day, leading to increased produc-
tivity. However, working across multiple time zones
means that team members are in different stages of
their circadian rhythms—members of the U.S. team,
for example, could be groggy early in the morning
while simultaneously their French collaborators would
be alert in the late afternoon.”” Managing cultural
differences poses other challenges for global teams.
Misunderstandings due to linguistic differences, dispar-
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ities in management styles, and status conventions in
different cultures can constrain the effectiveness of
global teams.””

Socio-Cognitive and Emotional Factors

Building and sustaining trust are perhaps the most
crucial conditions virtual teams must achieve to be
successful. Trust is especially fragile and transient in
virtual teams, as members do not share a common
socio-physical context, norms, values, or expectations,
nor do they have opportunities to monitor each other’s
behavior.'?'°! An experimental study of computer-
mediated teamwork found that lack of trust is a major
constraint on performance, especially when teams en-
gage in risky activities and have few shared experiences
to rely on. Initial face-to-face contact and socialization
were found to increase the trust levels among team
members, facilitate the formation of social norms, and
aid the establishment of group identity.'”® Face-to-face
contact early-on may be a prerequisite for successful
remote collaboration.

Effective and sustained communication among geo-
graphically isolated team members emerges as another
essential element for creating common ground as a
precursor to trust among collaborators.” Jarvenpaa
and Leidner'” found that increased social communi-
cation, along with task-related communication, strength-
ens trust. Communication expressing enthusiasm and
optimism explicitly was found to facilitate the estab-
lishment of trust early-on in a collaboration. Teams
that had high levels of trust exchanged many messages
for clarification and to garner consensus on the task.
They also initiated more communication and provided
timely substantive feedback to fellow members. Enthu-
siastic and motivated leadership was another key factor
that differentiated high-trust from low-trust virtual
teams.'*

Specific interventions found to improve distance
collaboration include the presence of a technology
facilitator to help resolve technical problems and a
virtual-meeting facilitator who mediated discussions
among the remote parties.go’97 When multiple loca-
tions are involved, the presence of a site coordinator to
handle location-specific administrative issues was found
to improve communication among parties.'’® The cre-
ation of formalized communication conventions might
include protocols for turn taking and the use of com-
mon specialized vocabulary among sites.”” In addition
to organizational strategies for improving interaction
among dispersed team members, technologic advances
also can ease some of the difficulties inherent in remote
collaboration. For instance, technologically enabled
group performance support systems, including tools for
electronic brainstorming, evaluation, and voting, as
well as exchanging comments, can assist virtual teams
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with decision making, resource planning, and other
collaborative activities.'**

Remote collaboration creates new expectations, al-
ters roles, and shifts communication patterns for its
members.” It therefore requires participants to make
various social, organizational, and physical environ-
mental adjustments and adaptations to new tools and
technologies.'” The success of both collocated and
virtual teams is likely to be influenced by the collabo-
ration readiness of its members and participating orga-
nizations.”*”" Organizations and teams that lack a
culture of sharing and collaboration are likely to resist
change and remain ineffective. Moreover, if incentive
structures are not aligned to encourage the adoption of
collaborative tools and related behaviors, such behav-
iors are not likely to occur. Finholt”® suggests that team
members establish formal conventions about how data
are to be used and credit shared at the outset of their
collaboration to enhance its effectiveness. Another
activity that can facilitate remote teamwork is the
longitudinal evaluation of collaborative processes
and outcomes (e.g., Teasley and Wolinsky'*®). For-
mative evaluations can lead to refinements in re-
search and training programs, strengthen social net-
works, and encourage new organizational forms to

emerge.26’94’106

Team Effectiveness in Community Coalitions

Community coalitions between scientists and practitio-
ners translate scientific findings into interventions and
programs that promote public health and social justice.
These collaborations are usually inter-organizational in
scope. The scale and complexity of transdisciplinary
collaboration among researchers and practitioners in-
crease further as the goals become broader-gauged with
the design, implementation, and evaluation of health
programs and policies spanning local, regional, na-
tional, and international levels. Such broad-gauged
collaborations are intersectoral in scope.”? Community
coalitions are prone to the difficulties inherent in
teamwork (such as conflict and social fragmentation)
because of the complexity of their goals and environ-
mental contexts as well as the diversity of participants’
world views and educational backgrounds. Factors that
can facilitate or constrain the effectiveness of commu-
nity coalitions are noted below.

Identification of Common Goals and Outcomes

Contributing to both community concerns and re-
search goals is a defining feature of transdisciplinary
action research. Citizen groups, practitioners, and re-
searchers bring diverse and often competing interests
and problem-solving agendas to their partnerships.”’ At
times, the expectations and priorities of funding agen-
cies are different from a coalition’s goals, imposing
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additional collaborative constraints.'°”'*® An evalua-
tion of the first 4 years of an intersectoral community
coalition identified as a key challenge the achieving of
a balance between community interests and research
needs.'” Whereas practitioners’ goals are more prag-
matic, community-oriented, and favorably disposed to
quick decisions and the implementation of problem-
solving strategies, researchers generally have a longer-
term orientation, are more concerned with basic re-
search questions, and aspire to publication and the
receipt of grant funds.>**'%7 Conflicts also may arise
from differences in ethical practices and beliefs about
what constitutes a realistic timeline to achieve the
coalition’s goals.”? Coalitions whose members en-
dorse competing goals and outcomes; hold different
views of science and society; and use dissimilar
terminology, language, and decision-making styles
are likely to experience conflicts that undermine the
team’s performance. Coalitions that identify clear
goals and objectives perceived to be attainable, agree
on shared research-principles, and reach consensus
on major areas of concern face fewer collaborative
challenges, 29107109

Distribution of Power and Control

The inequitable distribution of resources (e.g., infor-
mation, time, funding, decision-making power, partici-
pation, and control over aspects of the community
problem-solving process) is a major impediment to
coalition progress and sustainability. Perceived status
differences—between scientists and practitioners,
and between health professionals and community
members—can prevent collaborations from achieving
their goals.?**'""1% Other studies of coalitions high-
light the importance of the continuity of collaboration
between researchers and practitioners over extended
periods and across the various phases of action-
research, including the formulation of goals and the
translation of research into preventive and therapeutic
interventions, scientific publication, and community
empowerment.””'**!!'! The joint development of oper-
ating norms that encourage open communication, mu-
tual respect, inclusiveness, and shared decision making
also facilitate the collaborative process.lm’108

History of Collaboration

Building on prior positive experiences with a certain
organization or community enhances trust among co-
alition partners and is a practical strategy for strength-
ening future collaborations. A lack of trust and respect
arise from prior collaborations in which community
members perceived no direct benefit or even harm, or
if they received no feedback.'"7!12 Groups in the U.S.
that have experienced historic oppression, such as
Native American and African-American communities,
may mistrust scientists. Scientists, on the other hand,
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may not be aware of such feelings of mistrust when
formulating research goals and planning tasks that
require the involvement of these communities.''" Also,
the simple lack of experience in working with a partic-
ular organization or conducting community-based re-
search can result in a considerable amount of time
being spent to establish trust and define shared princi-
ples of collaboration.'” Prior experience in working
with partners and conducting transdisciplinary action—
research eases these pressures considerably.*’

Leadership and Member Characteristics

Leaders who are supportive, democratic, empowering,
and committed and who encourage cooperation and
engage the support of others significantly enhance
transdisciplinary collaborations within both university
and community settings.?'71%%11% Kumpfer and col-
leagues''® conducted an exploratory study to test the
relationship of leadership style to team effectiveness in
an alcohol and drug abuse—prevention coalition. An
empowering leadership style was found to boost mem-
ber satisfaction and team efficacy, and was critical to the
implementation and maintenance stages of the coali-
tion as well as to its outcomes. Because coalitions are
prone to internal disagreements, leaders adept at han-
dling conflict are a valuable asset. By contrast, those
who foster secrecy, in-group exclusiveness, and con-
frontation can weaken cooperative problem solving
among members and minimize their use of intellec-
tual resources. In inter-organizational and intersec-
toral coalitions, the presence of multiple program
champions who are well-known and respected among
partners can facilitate coordination across participat-
ing organizations.'*!!?

Members’ readiness for collaboration also influences
the outcomes of the community coalition. Collaboration-
readiness factors include the sharing of a transdisci-
plinary ethic by coalition members and are expressed
by their methodologic flexibility, cooperative spirit,
inclusiveness, and positive attitudes toward collabora-
tion.'?”1%!1* In addition to their skills in research
design and methods, members should be skilled in
group processes, team development, negotiation, con-
flict resolution, and interpersonal communication.'"”
Regular and unconstrained communication among team
members—interpersonal as well as project-related—is a
necessary condition to establish and maintain trust
among members, provide clarity about coalition goals
and member roles, and resolve disagreements or
conflicts. The provision of well-developed electronic
communication systems also facilitates coordination
among partners.”>'%

Organizational Support

A challenge faced by community coalitions is the de-
cline in participation or involvement by members due
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to circumstances such as lack of time, scarce resources,
insufficient appreciation or recognition, competing
institutional demands, loss of autonomy in decision
making, frustration due to lack of progress, and inter-
personal conflict.'"’'% Sustaining community coali-
tions requires that members’ incentives to remain
involved exceed the personal costs they incur through
their participation. Examples of such incentives are
financial compensation, training and educational op-
portunities, and peer r:f:(:ognition.107 Broad-based insti-
tutional support for transdisciplinary collaboration
(e.g., changes in tenure and promotion policies in
universities) and rewards for community-based re-
search (e.g., the publication of findings in respected
journals) may increase the collaboration readiness of
researchers and practitioners alike. Finally, assurances
of long-term funding by public agencies and private
foundations also enable coalition members to build
sustainable partnerships,?*17108

Studies of Transdisciplinary Science and
Training Programs

Research on the antecedents, processes, and outcomes
of scientific collaboration in transdisciplinary research
centers and teams has grown steadily since the mid-
1990s. Detailed reviews of these studies are available
elsewhere.'!1132225 The existing literature on the
science of team science consists primarily of qualitative
case studies employing structured interviews, surveys,
and observations of collaborative activities among re-
searchers as they occur in offices and laboratories. Very
few experimental or quasi-experimental studies of
transdisciplinary collaboration in scientific and training
settings have been published (see Sonnewald''® for an
exception to this trend), thereby precluding the possi-
bility of determining causal relationships among key
variables. Nonetheless, systematic assessments of collab-
orative processes and outcomes gained through com-
parative case studies of transdisciplinary science and
training centers have yielded valuable insights about
the contextual factors that facilitate or constrain intel-
lectual integration spanning multiple fields. In this
section, some of the major themes that have emerged
from earlier studies of team science are summarized.

Tendencies Toward Conflict

Conlflict and tensions among members of a transdis-
ciplinary center or team stemming from divergent
disciplinary world views, competing theoretical and
methodologic perspectives, different departmental af-
filiations, and dissimilar interpersonal styles hinder the
formulation of clear goals and their accomplish-
ment."*?*!1% While disagreements and conflict can
contribute to knowledge construction, learning, and
innovation,''” it is important to negotiate these differ-
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ences, as they can foster interpersonal tensions, social
fragmentation and subgrouping, and non-overlapping
(even competing) agendas; eventually they can under-
mine the collaboration’s ability to meet its goals.*>*’
Overcoming such conflicts requires that members of a
collaboration establish familiarity with each other’s way
of thinking. This is possible through the prolonged and
regular exchange of ideas and the development of
informal personal relationships.''” Offsite retreats
have been shown to promote communication among
team members, reduce interdisciplinary tension, and
stimulate intellectual integration.”® Having common
visions and goals, a strong motivation to achieve
them,%’72 and the will to make the collaboration suc-
cessful''” also help members to put their disagreements
behind them and move forward. The leadership skills
of center directors, especially tactfulness in conflict
resolution and the ability to encourage cooperation
among members, emerge as an important asset for the
success of transdisciplinary teams.”?

Collaboration Readiness

Collaborative-readiness factors (the presence or ab-
sence of institutional supports for interdepartmental
and cross-disciplinary collaboration; the breadth of
disciplines, departments, and institutions included in a
particular center; the degree to which team members
have worked with each other on other projects; the
spatial proximity of the members’ offices or laborato-
ries; and the availability of electronic linkages for
efficient communication) strongly influence the team’s
prospects for success.'!'#17272990118 Pprevious case
studies assessing collaborative outcomes in research
centers and teams suggest that the more these contex-
tual factors are present at the outset of the collabora-
tion, the better a team’s prospects for achieving its
collaborative goals.*>!"?

Preparation and Practice

The importance of preparation and practice for ensur-
ing successful collaboration has been emphasized in
prior evaluations of transdisciplinary centers and
teams.'*?® Unrealistic expectations for complete coop-
eration and harmony, along with ambiguity of goals
and intended outcomes, can impede the team’s collab-
orative efforts. Members must be aware of the collabo-
rative constraints, disagreements, and conflicts that
they are likely to encounter over the course of the
project and be prepared to dedicate considerable time
and effort toward establishing common ground both
intellectually and socially.'®'!21:27:120 Thys, transdisci-
plinary collaboration, to be effective, requires substan-
tial preparation, practice, and sustained effort.?
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Conceptualizing the Ecology of Transdisciplinary
Team Science and Collaborative Effectiveness

The review of empirical literature on team perfor-
mance presented in the preceding sections highlights
the importance of certain factors, identified across
multiple research domains, that either enhance or
hinder the effectiveness of transdisciplinary collabora-
tions. For example, the crucial roles played by exem-
plary leaders of transdisciplinary initiatives, the impor-
tance of establishing interpersonal trust and respect
among team members, and the organizational and
technologic aspects of collaboration readiness are
among the most-commonly-cited factors that exert
strong influences on transdisciplinary collaborative
processes and outcomes. An overview of the major
factors that facilitate or constrain transdisciplinary col-
laboration, identified in each of the four research
domains reviewed above, is presented in Table 1. The
facilitating and constraining influences on transdisci-
plinary collaboration listed there and derived from
earlier studies of team performance provide an empir-
ical and conceptual foundation for understanding
the ecology of team science and establishing a typol-
ogy of contextual factors that jointly determine the
effectiveness of transdisciplinary research and train-
ing initiatives.

Although the indicators of team performance in
transdisciplinary collaborations vary (depending on the
scientific and community problems being addressed;
the scale of the collaboration [intra-organizational,
inter-organizational, or intersectoral]; and center-
specific goals and desired outcomes), certain structural
features are nonetheless common to all transdisci-
plinary projects. First, transdisciplinary teams are inher-
ently diverse in their composition, are charged with
complex and difficult tasks, and can function in dy-
namic and uncertain social environments. Second,
transdisciplinary collaborations are likely to be hybrid
in nature, such that certain tasks requiring high struc-
tural interdependence and coordination are combined
with others performed independently. Rewards in aca-
demic settings, on the other hand, traditionally have
been based on individual merit. Scientists’ contribu-
tions to a field are generally evaluated in terms of their
single- or co-authored publications. Third, transdisci-
plinary science teams in academia are likely to have a
higher degree of autonomy compared to those working
in corporations. Finally, many transdisciplinary collab-
orations include members who are geographically
dispersed.

Earlier studies reveal the difficulties that teams can
encounter with the abovementioned circumstances.
Heterogeneous and hybrid teams often experience
interpersonal tensions and social fragmentation.”*"!
The ambiguity of goals, outcomes, and tasks makes
transdisciplinary teams susceptible to conflict.*? Uncer-
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tainty and instability—arising from changes in member-
ship and administration, institutional policies, funding
limitations, and time pressure—decrease the psycho-
logical safety of members and make the establishment
and maintenance of trust among members particularly
challenging. Moreover, the contexts in which teams
work change with time. How can these barriers to
teamwork in transdisciplinary collaborations be over-
come or diminished, so that team members can reach
their intellectual potential? In the ensuing sections are
outlined the major intrapersonal, interpersonal, orga-
nizational, physical environmental, technologic, and
political and societal factors that influence the effec-
tiveness of team science, based on the literature
review presented earlier. A summary of these key
factors situated at each level of analysis (i.e., intrap-
ersonal through political and societal) is provided in
Table 2.

Intrapersonal Factors

Individuals who value collaboration, support a culture
of sharing, and embrace a transdisciplinary ethic are
wellsuited for transdisciplinary teams.'***'% Mem-
bers’ collaborative readiness (gauged in terms of their
preparedness for the uncertainties and complexities of
transdisciplinary teamwork,* their methodologic flexi-
bility,m7 their openness to disparate disciplinary per-
spectives and world views, and their willingness to
devote substantial amounts of time both to learning
about others’ expertise and developing intellectual and
personal relationships) appears to be crucial to the
success of team science initiatives. The sharing of
egalitarian values,” allegiance to ethical conduct and
shared responsibility,'*! and enthusiasm for achieving
collaborative goals further enhance the prospects of
transdisciplinary success. Other important consider-
ations are the extent of collaborative experience that
team members have had with each other in the past
and their experience with transdisciplinary collabora-
tion in general. A history of positive collaboration
increases members’ readiness for effective teamwork
because they share more common ground at the outset
and thus may not have to spend as much time estab-
lishing and sustaining trust (compared to teams whose
members begin collaborating with little or no history of
working together on earlier projects).26’29’107’108’118’119

In addition to team members’ characteristics, a team
leader’s style plays a pivotal role in ensuring collabora-
tive success. The most effective leaders in collaborative
settings are empowering, inclusive, and transforma-
tional in their style; skillful in negotiating and resolving
conflicts; and generous in offering constructive feed-
back and encouragement to colleagues. Those skills
enable them to bolster trust and cohesiveness among
team members and to facilitate high levels of perfor-
mance. 252107115 Moreover, dynamic leadership—
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Table 1. Factors facilitating or constraining collaborative effectiveness identified in four areas of team research

Area

Facilitating factors

Constraining factors

Social psychology
and organizational
behavior

Cyber-infrastructures
for remote
collaboration

Social cohesiveness and familiarity among team
members

Flexibility to adapt to changing task
requirements and environmental conditions

Transformational and empowering leaders who
have excellent tactical skills and are able to
foster collaboration through their respectful
and inclusive orientation toward team
members

Participatory group goal setting and decision
making, encouraging active roles to be
played by all members in reaching consensus
on major goals and decisions

Team development strategies such as
experiential learning and appreciative
inquiry to encourage members’ active
participation

Regular and effective communication and
feedback among members to foster trust

Organizational support for members’ diversity
and heterogeneity, especially in intellectual
and scientific endeavors

Opportunities for face-to-face contact and
relationship building

Access to physical environment resources that
support collaboration (e.g., comfortable
meeting areas, distraction-free and private
work spaces for individualized and small-
group tasks that require close concentration
or confidentiality)

Members share egalitarian values and mutual
respect among team members throughout all
stages of collaboration

Technologic infrastructure readiness, including
availability of adequate bandwidth,
connectivity, and electronic communications
equipment to support remote collaboration

Collaboration readiness of team members and
organizations (i.e., their willingness to share
information cooperatively; the existence of
incentives to participate in and sustain
collaboration; and broad-based institutional,
organizational, and administrative support)

Technology readiness of users (i.e., their
adaptation to habits and patterns of
technology use such as familiarity with tools,
making information accessible to others,
providing regular and prompt feedback, and
adequate preparation for meetings)

Ample opportunities for face-to-face contact
throughout all stages of remote
collaboration

Regular face-to-face meetings and socialization
among remote team members to increase
trust and to create and sustain group identity

Sustained communication among members to
establish common ground and reduce task-
related uncertainties

Enthusiastic leaders strongly committed to
effective remote collaboration

Creation of new roles and communication
patterns that enhance distance collaboration

Groupthink and social loafing, sometimes
arising from prolonged familiarity and rigid
operating procedures

Inflexibility in the face of changing task
demands and environmental conditions

Lack of adequate and regular communication
and feedback, resulting in low levels of trust
among members and social fragmentation

Leaders whose styles are noncollaborative and
exclusionary rather than collaborative and
inclusive

Too-small or too-large team size in relation to
specific task requirements and collaborative
goals

Hybrid task and reward structures in which
tasks require interdependent efforts among
members but incentives are distributed on
an individualistic and meritocratic basis

Insufficient opportunities for face-to-face
contact among members

Failure to identify and utilize the resources of
all group members

Work environments that inhibit
communication among team members,
hinder privacy regulation, or are too
distracting

Noncollaborative rather than collaborative
attitudes and values among team members

Lack of adequate technical infrastructure such
as networking, bandwidth, technical
support, and appropriate hardware and
software

Technologic concerns about speed, data
security, integrity, privacy, and effective
access and retrieval that render distance
collaboration complex and challenging

Constrained audio and visual choices and the
use of media that are inappropriate for the
task at hand

Financial costs and expenditures of time and
effort for establishing requisite
infrastructure for distance collaboration

Lack of experience and familiarity with the
use of distance-collaboration tools

Communication challenges in establishing
team identity and trust due to the absence
of shared physical settings along with
nonverbal and spatial cues

Absence of a culture of sharing information
and non-alignment of reward structures to
encourage collaboration and the use of
collaboration tools
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Table 1. Factors facilitating or constraining collaborative effectiveness identified in four areas of team research (continued)

Area

Facilitating factors

Constraining factors

Community coalitions
among scientists
and practitioners

Evaluative studies of
transdisciplinary
research centers
and training
programs

Identification of common and clear goals,
objectives, outcomes, and consensus among
team members regarding their collaborative
prioriues

Development of a shared statement of principles
among coalition members and formalization of
mutual benefits and responsibilities

Continuity of collaboration throughout all phases
of the coalition

Joint development of operating norms that
encourage open communication, inclusiveness,
and shared decision making

Prior positive experiences of collaboration with
participating community organizations and
their members

Supportive, democratic, and empowering leaders
who engage the participation of all members,
encourage their cooperation, and are skilled in
conflict resolution

Members’ readiness for collaboration, including
their cooperative orientation, methodologic
flexibility, positive attitudes toward
collaboration, and interpersonal
communications skills and training

Presence of well-developed electronic
communication systems to encourage and
sustain collaboration among team members

Strong incentives to participate and remain
involved (e.g., financial, training and
education, public recognition, tenure and
promotion)

Sustained support by funding agencies to enable
the coalition to accomplish its major goals

Prior experience of positive collaboration with
team members on earlier transdisciplinary
projects

Presence of a strong, shared vision; agreement
on highest-priority goals and the timelines for
achieving them

Exemplary leadership skills of center directors,
especially conflict-resolution skills and ability to
encourage cooperation among members while
easing tensions among divergent scientific
world views and disciplinary perspectives

Prolonged and regular exchange of ideas to
encourage the development of positive and
informal interpersonal relationships

Presence of electronic systems (e.g., intranet and
Internet sites) to facilitate regular
communication among center members

Spatial proximity of scientists’ offices and
laboratories

Physical environments that afford opportunities
for face-to-face contact among center members
(e.g., comfortable, shared-meeting areas;
distraction-free office and laboratory settings)

Members’ awareness of and preparation for the
collaborative constraints, disagreements, and
conflicts they are likely to encounter over the
course of their collaboration; availability of
training resources and negotiation strategies
for resolving the tensions inherent in
transdisciplinary research and training
initiatives

Disagreement and conflicts due to divergent
understandings of the coalition’s goals and
timelines among community practitioners
and academic researchers

Presence of unclear, ambiguous, and
complex goals

Conflicts arising from different scientific
world views, disciplinary perspectives, and
decision-making styles

Inequitable distribution of decision-making
power, information, time, resources, and
control over the coalition’s action—research
activities

Perception of status differences between
scientists and community practitioners

Lack of trust and respect arising from
negative experiences in prior collaborative
projects

Leaders who encourage secrecy, in-group
exclusiveness, and interpersonal
competition and confrontation

Absence of adequate and regular
communication among members

Decline of members’ participation,
involvement, or both, in coalition activities
due to lack of time, personal costs, absence
of strong incentives to participate, and
competing institutional demands

Uncertainties about and absence of sustained
funding to support the coalition’s long-
term goals and activities

Lack of experience among team members in
working together on prior transdisciplinary
research and training programs

Lack of a shared vision among members
about highest-priority goals and the
timelines for achieving them

Conflicts and tensions stemming from
alternative disciplinary perspectives,
multiple departmental affiliations, and
contrasting interpersonal styles

Lack of collaborative skills and management
experience among available leaders

Lack of both regular communication among
team members and adequate cyber-
infrastructure to support frequent and
effective exchanges of information

Absence of institutional supports and
organizational incentives to sustain
interdepartmental and inter-university
collaboration

Lack of physical environments (e.g., shared
team-space) that encourage face-to-face
contact among members of
transdisciplinary research centers and
training programs

Lack of training programs to enhance team
members’ readiness for collaboration in
transdisciplinary research and training
activities; unrealistic expectations for
complete cooperation and harmony among
team members

$108 American Journal of Preventive Medicine, Volume 35, Number 2S

www.ajpm-online.net



800 Isnsny

Table 2. Key contextual factors that influence transdisciplinary team effectiveness at each level of analysis
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openness to other
disciplinary perspectives;
willingness to devote large
amounts time and effort to
building personal
relationships; and
preparedness for the
uncertainties, tensions, and
complexities inherent in
transdisciplinary teamwork

Members’ collaborative

experiences with each other
on earlier projects

Presence of exemplary leaders

who are empowering,
inclusive, and
transformational; a
participatory leadership
style that enables all
members to play an active
role in team goal-setting
and decision-making
activities

Members’ ability to learn
about each other’s
expertise and create a
hospitable conversational
space

Mutual respect among
team members

Members’ familiarity and
social cohesiveness,
coupled with their ability
to adapt flexibly to
changing circumstances,
remain open to new
perspectives, and
challenge existing
assumptions and
procedures

administrative routines (e.g.,
merit and promotion
procedures in academic
settings)

Nonbhierarchic arrangements
that provide autonomy to
team members and
encourage participatory goal
setting and decision making

Breadth of disciplinary
perspectives represented
among team members

Scheduling of retreats and
informal social events to
encourage informal contact
and communication among
members

Assurances of long-term support
by funding agencies so that
teams have more time to
establish trust, build
relationships, and accomplish
their goals

brainstorming
activities

Access to distraction-
free work spaces for
individualized tasks
requiring
concentration,
confidentiality, or
both

Physical environments
that support
members’ efforts to
regulate their
interpersonal privacy
and accessibility to
others over the
course of their
collaboration

support for remote
collaboration
Provisions for high-
level data security,
integrity, privacy,
rapid retrieval, and
long-term archival
access, and
technologies that
facilitate the
formation of
knowledge and
social networks

Members’ technologic
readiness, including

their knowledge of
and familiarity with
various electronic
information and
communication
tools, protocols,
codes of conduct
for distance
collaboration, and
the effectiveness of
their
communication
styles

Intrapersonal Interpersonal Organizational /institutional Physical/environmental Technologic Sociopolitical

Members’ attitudes and values Regular and effective social ~Presence of strong Spatial proximity of An organization’s Easing of
during the formation of a and intellectual organizational incentives to team members’ technologic international
transdisciplinary communications to encourage participation and offices and infrastructure tensions through
collaboration, such as establish common sustain collaborative laboratories to readiness, or access cooperative
valuing collaboration, ground, overcome task- orientation among members encourage informal to necessary policies that
supporting a culture of related uncertainties, and Broad-based institutional contact and bandwidth, encourage
sharing, embracing a develop consensus support for intradepartmental communication electronic exchanges of
transdisciplinary ethic, and around a shared vision and inter-university Availability of networking scientific
sharing egalitarian values and collective goals collaboration through comfortable meeting capabilities, information and

Members’ collaborative Diversity of members’ modifications of areas for group linkages between transdisciplinary
readiness in terms of their knowledge and skills organizational structures and discussion and sites, and technical collaboration

among scientists
from different
regions of the
world

Enacting policies and
protocols to
support effective
transdisciplinary
collaboration, such
as those ensuring
ethical scientific
conduct and
management of
intellectual
property ownership
and licensing

Occurrences of
adverse global
environmental
changes and public
health problems
that prompt
intersectoral and
international
transdisciplinary
collaboration in
scientific research
and training
programs




whereby members share authority and responsibility
according to the shifting requirements of their tasks—
lessens the pressures felt by single individuals while
enabling all members to play an active role in team
decision making and activities.®!

Interpersonal Factors

Interpersonal communication has been found in earlier
studies"'?*° to be a critical determinant of collaborative
effectiveness. Because of the inherent diversity of transdis-
ciplinary teams, regular and effective intellectual and
social communications are necessary so members can
clarify roles, task requirements, collective goals, and
intended outcomes as well as learn about their col-
leagues, understand and respect their alternative per-
spectives, and eventually transcend disciplinary and
departmental boundaries to develop novel conceptual
frameworks for understanding and solving the prob-
lems under investigation. If members are to learn from
each other as the team develops, build a shared identity
and a hospitable conversational space, strengthen col-
laborative processes, and ease interdisciplinary ten-
sions, they must be able to engage in ongoing, mutually
respectful, and constructive communication. Such
communication, by enabling them to develop a shared
vision and articulate common goals and by encourag-
ing positive imagery and appreciative inquiry, empow-
ers them to surpass obstacles and achieve those goals.®
Furthermore, it is important that members be able to
adapt to changing circumstances and remain open to
new perspectives, particularly as the team matures and
becomes more cohesive. The capacity of team members
to adapt to new situations and challenge their existing
assumptions and procedures is a crucial ingredient of
collaborative success.’”%%%*

Organizational and Institutional Factors

A prerequisite for sustaining motivation among partic-
ipants in team science initiatives is the presence of
strong organizational incentives.'”'*? For instance, an
important incentive for motivating junior researchers
to participate actively in transdisciplinary research and
training initiatives is greater recognition for collabora-
tive work through changes in university tenure and
promotion policies.*>** Institutional support for in-
tradepartmental and inter-university collaboration can
be increased through the modification of organiza-
tional structures and routines.'” Nonhierarchic orga-
nizations that encourage participatory goal setting
and decision making foster inclusiveness and more-
effective collaboration. Assurances of long-term
funding by public agencies and private foundations
also provide team members more time to develop the
relationships and trust so critical for collaborative
success.
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An organization’s collaboration readiness—reflected
in the extent of its collaborative activities, breadth of
disciplines, culture of sharing information, equitable
access to information and technology, preparation for
meetings, and ample opportunities for brainstorming
new ideas—contributes in important ways to effective
collaboration.?”?” Because team science projects re-
quire substantial time expenditure for group meetings
and brainstorming sessions, participating organizations
must recognize and reward members for engaging in
collaborative activities by providing organizational, en-
vironmental, and technologic support and incentive
structures.

Physical Environmental Factors

One strategy for encouraging communication, trust,
and the integration of intellectual ideas is to maximize
spatial proximity among members’ offices and labora-
tories.” Where this arrangement is not feasible, it
becomes important to schedule regular face-to-face
meetings, social gatherings, retreats, and other oppor-
tunities for team members to meet and communicate.
Earlier studies® also indicate that reduced spatial,
temporal, and emotional cues in remote collaborations
render interpersonal trust fragile, and are often associ-
ated with misunderstandings, conflict, and social frag-
mentation. Face-to-face contact prior to engaging in
remote collaboration is essential in establishing some
degree of trust at the outset of the project.”” At the
same time, earlier studies® ! of team environments
suggest the importance of providing environmental
support (e.g., access to distraction-free work spaces
and comfortable meeting areas) to facilitate mem-
bers’ regulation of interpersonal privacy and their
participation in both individualized tasks requiring
high levels of concentration or confidentiality and
collective activities involving group discussion and
brainstorming.

Technologic Factors

Technologic readiness and technologic infrastructure
readiness” strongly influence remote as well as place-
based collaborations. The organization’s technologic
infrastructure readiness—access to necessary band-
width, electronic-networking capabilities, linkages be-
tween sites, and technical support—is a vital compo-
nent of successful transdisciplinary collaborations.”
Providing data security, integrity, privacy, rapid re-
trieval, long-term archival access, and technologies that
facilitate the formation of knowledge and social net-
works has been found to enhance remote scientific
collaborations.*®”® Members’ technologic readiness,
including their familiarity with various electronic infor-
mation and communication tools, protocols, and codes
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of conduct as well as the effectiveness of their commu-
nication style, is directly related to the team’s prospects
for achieving its scientific goals through remote trans-
disciplinary collaboration.””

Political and Societal Factors

The easing of political barriers through cooperative
international policies and the reduction of tensions
between nations can encourage the initiation and longer-
term success of transdisciplinary science collabora-
tions.”'#*1%% At the same time, global environmental
changes and health challenges have spawned large-
scale international collaborations for scientific re-
search and community health promotion, exempli-
fied by the WHO’s Healthy Cities Program.'**~'2% At
state and national policymaking levels, the enact-

ment of protocols for ensuring ethical scientific
conduct, adjudicating claims to intellectual property
ownership and licensing, and protecting animal and
human subjects’ rights provide the legal foundations
for conducting effective large-scale transdisciplinary
collaborations.”®'2”

A diagrammatic representation of these broad cate-
gories of contextual influences on transdisciplinary
research and training programs is provided in Figure 1.
The multiple categories of contextual factors shown
there provide a typology of key variables that influence
the effectiveness of transdisciplinary collaborations,
grouped according to the intrapersonal, interpersonal,
organizational, institutional, physical environmental,
technologic, and political and societal levels of analysis
discussed above.

Interpersonal

<

and abilities

<

<

Intrapersonal

v Members' attitudes toward
collaboration and their willingness to
devote substantial time and effort to
transdisciplinary activities

goals

<

v Members' preparation for the
complexities and tensions inherent

v Members' familiarity, informality, and
social cohesiveness

Diversity of members' perspectives

Ability of members to adapt flexibly to
changing task requirements and
environmental demands

Regular and effective communication v
among members to develop common
ground and consensus about shared

Establishment of a hospitable
conversational space through mutual
respect among team members

Organizational

v Presence of strong organizational

incentives to support collaborative

teamwork

Nonhierarchic organizational structures

to facilitate team autonomy and

participatory goal setting

v Breadth of disciplinary perspectives
represented within the collaborative
team or organization

v Organizational climate of sharing

in transdisciplinary collaboration

v Participatory, inclusive, and
empowering leadership styles

Physical Environmental

v Spatial proximity of team members'
workspaces to encourage frequent
contact and informal communication

<

Access to comfortable meeting areas
for group discussion and

Collaborative
effectiveness of
transdisciplinary

science initiatives

(e.g., sharing of information, credit, and
decision-making responsibilities is
encouraged)

v Frequent scheduling of social events,
retreats, and other centerwide
opportunities for face-to-face
communication and informal
information exchange

Technologic

v Technologic infrastructure readiness

brainstorming

<

Availability of distraction-free work
spaces for individualized tasks
requiring concentration or
confidentiality

collaboration

<

Environmental resources (e.g.,
sound masking, closable doors and v
workstation panels) to facilitate
members' regulation of visual and
auditory privacy

training

licensing)

Societal and Political

v Cooperative international policies that
facilitate exchanges of scientific
information and transdisciplinary

Environmental and public health crises
that prompt intersectoral and
international transdisciplinary
collaboration in scientific research and

v Enactment of policies and protocols to
support successful transdisciplinary
collaborations (e.g., those ensuring
ethical scientific conduct, management
of intellectual property ownership, and

including access to necessary
bandwidth, electronic communication
equipment, strong network linkages
between remote sites, availability of
technical support

v Members' technologic readiness
(e.g., their familiarity with electronic
information tools and protocols, and
the effectiveness of their
communication styles)

v Provisions for high-level data security,
privacy, rapid access and retrieval

Figure 1. Typology of contextual factors influencing transdisciplinary scientific collaboration
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Designing and Managing the Ecology of Team
Science to Enhance Collaborative Effectiveness in
Transdisciplinary Research and Training

This concluding section focuses on an important issue
raised at the outset of the article—namely, the need to
better understand the contextual determinants of col-
laborative success as a basis for making future invest-
ments in large-scale team science initiatives more stra-
tegic (i.e., scientifically productive and financially cost
effective). Having reviewed the empirical evidence for
contextual determinants of team performance across
four distinct areas of research, this study addresses
below the practical implications of that evidence for
future efforts to enhance the success of transdisci-
plinary science initiatives.

The sheer diversity of transdisciplinary research and
training programs (reflected in their different struc-
tural features, stated goals, and effectiveness criteria)
suggests that the contextual factors most crucial for
collaborative success will vary from one initiative to
another. For example, having an adequate technologic
infrastructure in place at remote sites is an essential
prerequisite for effective distance collaboration but may
not be as crucial for the members of a transdisciplinary
team who work together at the same location.***" Simi-
larly, community-based program champions and multiple
leaders representing different organizations enhance the
effectiveness of inter-organizational and intersectoral
transdisciplinary coalitions, but may not be necessary
for the success of transdisciplinary research centers
linked primarily to academic institutions."'® Thus,
there is no one-size-fits-all set of contextual factors that
can be expected to exert the same degree of influence
on collaborative outcomes for all research teams and
settings; nor are precise algorithms available for gaug-
ing the relative contributions of multiple contextual
variables (e.g., those listed under each level of analysis
shown in Figure 1) to collaborative success. For any
given initiative, at least some of the important determi-
nants of effective collaboration are likely to be specific
to the type of transdisciplinary project or program
undertaken (e.g., single versus multiple organizations
and locations, large versus small numbers of partici-
pants and disciplinary perspectives).

At the same time, this review of the scientific litera-
ture on team performance identified certain intrap-
ersonal and situational variables (e.g., empowering-
leadership styles, the regularity and effectiveness of
team communication, opportunities for informal face-
to-face contact, members’ readiness and preparation
for transdisciplinary collaboration) that emerged across
multiple research domains as important contributors to
collaborative success within a broad array of transdisci-
plinary projects and programs (e.g., university-based
research teams, community coalitions for health pro-
motion, intersectoral partnerships for policy change).
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Moreover, these factors may act synergistically in some
collaborative settings to influence team processes and
outcomes in an interactive or cumulative fashion.*"''*

What are the implications of these findings for
designing and managing effective team science initia-
tives? Generally speaking, the evidence on team perfor-
mance suggests the value of optimizing as many factors
as possible that have been found to facilitate collabora-
tive success (i.e., those listed in Tables 1 and 2)
whenever a new team science initiative is developed
and implemented. The research literature also sug-
gests, however, that not all of the conditions listed
under each analytic level of the proposed typology
(Figure 1) must be present in all instances to ensure
that a particular initiative is effective. Furthermore, efforts
to optimize an unlimited array of contextual resources for
all team science initiatives would be neither feasible nor
justifiable in terms of cost-effectiveness criteria, espe-
cially considering the recent criticisms of team sci-
ence and concerns about budgetary appropriations
for transdisciplinary research programs versus single-
investigator grants.'®'? Thus, a more compelling strat-
egy for developing and managing team science initia-
tives is to match the particular goals and structure of a
transdisciplinary research program with targeted invest-
ments in those contextual resources (e.g., collabora-
tion-readiness factors) that are specific to the project at
hand and are most likely to be essential for its success.

Accordingly, it is useful to distinguish between the
contextual determinants of collaborative success that
are highly specific to the requirements of a given
initiative and other, more broadly influential factors
whose effects extend across a wider array of transdisci-
plinary research settings and programs. Before a team
science initiative is launched, efforts should be made to
ensure that, at a minimum, projectspecific require-
ments for collaborative success are present at the outset
(e.g., access to the requisite electronic infrastructure
among team members who must coordinate their ef-
forts across remote sites). To the extent that additional
investments can be made to ensure that other generally
influential conditions for success are present (e.g.,
leaders who have extensive experience in managing
distance collaboration, frequent face-to-face meetings
among team members over the course of a multisite
collaboration), they should be undertaken to further
improve the prospects for collaborative success.

When deciding how to allocate program-development
funds (either to project-specific requirements alone or
to a larger set of collaboration-readiness factors that
include both project-specific and more generally influ-
ential determinants of success), it is important to
consider the degree of complexity inherent in the
proposed transdisciplinary science initiatives. Transdis-
ciplinary science projects and programs can be arrayed
along a continuum of complexity, ranging from simple
to highly complex.
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Key determinants of the complexity of transdisci-
plinary initiatives include: (1) the number of scientists
participating in the initiative (e.g., a solo investigator
working at the interface of two or more fields, a group
of 2-3 scientists working at the same site, or 15-30
scientists collaborating across multiple organizations
and geographic locations); (2) the diversity of disci-
plinary perspectives and scientific world views repre-
sented among participants, ranging from relatively
similar to widely divergent; (3) the anticipated dura-
tion of the project or program (e.g., a 1-2 year
project compared to a 5—10-year research and train-
ing initiative); (4) whether participants are working to
accomplish a small or large number of programmatic
goals (e.g., scientific discovery and integration, the
effective training of new transdisciplinary scientists,
translations of scientific findings into community
health programs and policy initiatives, the improve-
ment of population health outcomes); and (5) the
organizational, analytic, and geographic scope of an
initiative, reflected in the number of organizations,
levels of analysis, and geographic sites incorporated
within a particular program.

Earlier studies of transdisciplinary collaboration sug-
gest that the more complex a transdisciplinary science
initiative is, the larger the number of both project-
specific and general collaboration-readiness factors re-
quired to ensure its success. For instance, many, if not
most, of the contextual influences on collaborative
effectiveness identified in earlier social psychological
and organizational behavior studies (e.g., exemplary
leadership styles, electronic communications infrastruc-
ture, training programs to prepare participants for the
tensions inherent in transdisciplinary teamwork)
should be less important to the success of individual
scientists or very small teams of researchers working at
the same site than the success of larger and more-
diverse teams that are attempting to collaborate across
multiple locations and establish translational partner-
ships with health practitioners and non-academic orga-
nizations in the local community. Similarly, to the
degree that a transdisciplinary initiative has established
a large number of diverse goals spanning scientific,
training, policy, and public health outcomes, the con-
textual circumstances required to facilitate the attain-
ment of those goals and the criteria for evaluating the
team’s effectiveness in meeting them become more
varied and complex (vis-a-vis initiatives whose major
collaborative goals are more narrowly targeted).

In sum, the preceding review of the research on team
performance suggests that investments in team science
initiatives should be allocated strategically prior to
initiating new transdisciplinary research and training
programs and be tailored to match the complexity of
their goals and organizational structure. To accomplish
this matching, it is important that project-specific audits
be conducted to ascertain which of the contextual
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factors outlined in Table 2 and Figure 1 should receive
the greatest priority and investment of resources prior
to the launch of a new transdisciplinary program.
Especially for more-complex transdisciplinary science
and training initiatives that include large numbers of
participants, encompass diverse goals, and span multi-
ple organizations and sites, leaders should be chosen
carefully to include individuals who have prior experi-
ence managing large-scale transdisciplinary programs
and interpersonal styles that promote effective collab-
oration. Furthermore, new training programs for par-
ticipants in large-scale team science initiatives should
be developed to better prepare them for the challenges
and complexities that often arise in transdisciplinary
collaborations.'*® Finally, grant funding to support the
establishment of long-term transdisciplinary research
centers and programs should be targeted not only to
prospective applicant teams that have demonstrated
high levels of collaboration readiness prior to their
initiation of the proposed project, but also to relatively
less-experienced teams that show great scientific prom-
ise and whose collaborative success may be accelerated
by targeted investments of funding aimed at increasing
their readiness and resources for collaboration (e.g.,
the provision of shared research space, electronic in-
frastructure, or transdisciplinary training modules).
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Evaluation of Interdisciplinary and Transdisciplinary

Research
A Literature Review

Julie T. Klein, PhD

Abstract:

Interdisciplinarity has become a widespread mantra for research, accompanied by a
growing body of publications. Evaluation, however, remains one of the least-understood
aspects. This review of interdisciplinary and transdisciplinary research evaluation catego-
rizes lessons from the emergent international literature on the topic reviewed in 2007. It
defines parallels between research performance and evaluation, presents seven generic
principles for evaluation, and reflects in the conclusion on changing connotations of the
underlying concepts of discipline, peer, and measurement. Interdisciplinary and transdisci-
plinary research performance and evaluation are both generative processes of harvesting,
capitalizing, and leveraging multiple expertise. Individual standards must be calibrated,
and tensions among different disciplinary, professional, and interdisciplinary approaches
carefully managed in balancing acts that require negotiation and compromise. Readiness
levels are strengthened by antecedent conditions that are flexible enough to allow multiple
pathways of integration and collaboration. In both cases, as well, new epistemic commu-
nities must be constructed and new cultures of evidence produced. The multidisciplinary—
interdisciplinary—transdisciplinary research environment spans a wide range of contexts.
Yet seven generic principles provide a coherent framework for thinking about evaluation:
(1) variability of goals; (2) variability of criteria and indicators; (3) leveraging of
integration; (4) interaction of social and cognitive factors in collaboration; (5) manage-
ment, leadership, and coaching; (6) iteration in a comprehensive and transparent system;
and (7) effectiveness and impact.

(Am J Prev Med 2008;35(2S):S116-S123) © 2008 American Journal of Preventive Medicine

Introduction

nterdisciplinarity has become a widespread mantra

for research, accompanied by a growing body of

publications. Evaluation, however, remains one of
the least-understood aspects. In the past, discussions
of interdisciplinary and transdisciplinary evaluation did
not constitute an identifiable literature. They were
scattered across multiple forums, and they were longer
on anecdotal, intuitive, and normative perspectives
than on empirical, longitudinal, and large-scale studies.
In the absence of clear guidelines, Laudel and Origgi'
recount, faculty and administrators had to “muddle
through.” The three clusters of work in Figure 1,
though, form an emergent international literature
identified in 2007 by cross-referencing publication cita-
tions, significant addresses, and discussions in elec-
tronic networks focused on the topic. Cluster 1 spans an
international body of studies recognized in the April
2006 benchmark issue of Research Fvaluation on inter-
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disciplinary research assessment.” Cluster 2 centers on
the concept of transdisciplinary team science in the
U.S. highlighted in this supplement to the American
Journal of Preventive Medicine.'* Cluster 3 encompasses
studies from the European transdisciplinary movement
for trans-sector, problem-oriented research involving
the participation of stakeholders in society.

The contexts of interdisciplinary and transdisci-
plinary research vary greatly, as well as the attendant
methodologies and conceptual frameworks. Yet cross-
cutting themes provide a comparative framework for
thinking about evaluation that draws insights from
qualitative and quantitative studies. This review defines
parallels between research performance and evalua-
tion, and then presents seven generic principles for
evaluation. The conclusion addresses implications for
the underlying concepts of discipline, peer, and measure-
menl. Interdisciplinary and transdisciplinary research
performance and evaluation are both generative pro-
cesses of harvesting, capitalizing, and leveraging multi-
ple kinds of expertise. Individual standards must be
calibrated and tensions among different approaches
carefully managed in balancing acts that require nego-
tiation and compromise. Readiness levels are strength-
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Figure 1. Clusters of emergent literature

ened by antecedent conditions that are flexible enough
to allow multiple pathways of integration and collabo-
ration. Appropriate epistemic communities must also
be constructed and new cultures of evidence produced.
Research in the multidisciplinary-interdisciplinary—
transdisciplinary environment is not a set of mutually
exclusive categories. Research is too complex, Spaapen
et al.** advise, to be put into boxes that ignore the
particularities of context. In their introduction to this
supplement, Stokols et al.'® present recognized distinc-
tions between multidisciplinary juxtapositions of disci-
plinary approaches and more robust interdisciplinary
integrations and collaborations. In defining transdisci-
plinary, they adopt Rosenfield’s connotation® of a
process in which members of different fields work
together over extended periods to develop novel con-
ceptual and methodologic frameworks with the poten-
tial to produce transcendent theoretical approaches.
This connotation is consistent with the earliest defini-
tion of transdisciplinary® as a common axiom that tran-
scends separate disciplinary perspectives, exemplified
by the overarching syntheses of general systems and
ecology. A second major connotation in the European
transdisciplinary movement should also be acknowl-
edged: trans-sector, problem-oriented research involving
a wider range of stakeholders in society. Both connota-
tions are necessary for a full understanding of the spec-
trum of interdisciplinary and transdisciplinary research.
The evaluation of interdisciplinary and transdisci-
plinary research is a complex task. More than one disci-
pline, profession, and field—or perhaps all three—are
involved. Levels and subsystems differ, ranging from small
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projects to national research systems, from the personal
and interpersonal to organizational and systemic scales,
and from academic settings to trans-sector projects with
external stakeholders. Criteria also vary across stages,
from ex ante to ex post assessments, and programs and
projects differ by knowledge domain, institutional loca-
tion, goals, and type of integration. The scope of integra-
tion, in turn, varies from middle-range and narrow-
gauged or horizontal forms of interdisciplinarity among
neighboring disciplines with compatible epistemologies
to broad-gauged, vertical, and grand-scale forms among
disciplines with more divergent epistemologies.'®'® In
short, as Feller’ emphasized in a 2006 symposium on
interdisciplinary research evaluation at the American
Association for the Advancement of Science (AAAS),
the reality of interdisciplinary evaluation is shaped by
multiples: multiple actors making multiple decisions in
varied organizational settings with context-dependent
measures of quality. As a result, Spaapen et al.** add,
quality is a relative concept determined by relations
within the environment of a group and their goals.
Research must “attune a pluralism of interests and
values” within a dynamic set of programs and contexts
and with a variegated group of stakeholders.**

The heterogeneity of the multidisciplinary—interdis-
ciplinary—transdisciplinary environment defies the quest
for a single best procedure for research performance
or evaluation. Yet the emergent literature,'™>"~2%
suggests seven generic principles of evaluation (Table 1):
(1) variability of goals; (2) variability of criteria and
indicators; (3) leveraging of integration; (4) interaction of
social and cognitive factors in collaboration; (5) manage-

Am | Prev Med 2008;35(2S) S117



Table 1. Correlation of principles and references

Principle

number Evaluation principles

1 Variability of goals®”"'

2 Variability of criteria and indicators”'***

3 Leveraging of integration”!*10:1819,22,23,28

4 Interactions of social and cognitive factors
in collaboration!®-1#:21.22.21.27.28

5 Management, leadership, and
coaching”-%11:17:19.22.24

6 Iteration in a comprehensive and
transparent system'® %2124

7 Effectiveness and impact'®2%23-28

ment, leadership, and coaching; (6) iteration in a com-
prehensive and transparent system; and (7) effectiveness
and impact. Klein* defined these principles earlier, but
they are placed here within an expanded comparative
framework that incorporates new work.

Principle #1. Variability of Goals

Interdisciplinary and transdisciplinary research are not
driven by a single goal. Based on a comparative analysis
of evaluation procedures in Europe and the U.S.,
Langfeldt’ concluded that sensitivity to context and
flexibility are fundamental. Two studies”'" in Cluster 1
underscore the principle of variability. When an Acad-
emy of Finland integrative research team examined
how well the Academy was accommodating interdisci-
plinary research in all funding categories based on the
analysis of research proposals and interviews,'' the
most important reason cited for selecting an interdisci-
plinary approach was typically an epistemological goal:
the production of new and broad knowledge of a
particular phenomenon. Informants also cited new
approaches that are interesting and hold potential as
well as synergies stimulated by sharing knowledge,
skills, or resources. Others mentioned the development
of technical equipment or products such as informa-
tion technology protocols, medicines, and measuring
devices. Broadly speaking, methodological interdiscipli-
narity dominated over more-challenging conceptual
and theoretical forms, achieved typically by combining
concrete methods or research strategies from different
fields in order to test a hypothesis, answer a research
question, or develop a theory.

A similar variety of goals appeared when a team from
the Interdisciplinary Studies Project at Harvard Univer-
sity7 interviewed researchers in five organizations with
extensive experience in conducting interdisciplinary
research. In a project involving physicists assessing their
mathematical theories of innovation and network be-
havior, researchers favored qualities such as “the ability
to predict” unstudied social and biological phenomena
and “tangible success” in explaining something that
had not been explained previously. In a project com-
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bining physiology, molecular biology, nanophysics, and
materials science, scientists valued creation of an “un-
precedented entity”: for example, a vascularized artifi-
cial liver that “works” and has a “transforming effect”
on organ transplantation surgical practice. Researchers
engaged in pragmatic problem solving and product
development placed a higher premium on viability,
workability, and impact, while contributions seeking
algorithmic models of complex phenomena were asso-
ciated with simplicity, predictive power, and parsimony.
Contributions seeking a more-grounded understand-
ing of multidimensional phenomena, such as lactose
intolerance or organ donation, favored work reaching
new levels of comprehensiveness, careful description,
and empirical grounding.” The key implication of this
study is that variability of goals in turn drives variability
of criteria and indicators of quality.

Principle #2. Variability of Criteria and Indicators

The Harvard team’ identified two approaches to the
assessment of interdisciplinary quality based on inter-
view results. The first—conventional metrics—has
been privileged traditionally. Informants reported be-
ing judged typically on indirect or field-based quality
indicators: numbers of patents, publications, and cita-
tions; prestige rankings; and the approval of peers
and a broader community. Hence, the first epistemic
criterion in the study was consistency with multiple-
“antecedent disciplinary knowledge.” Credibility was
strengthened by “fit” with disciplinary antecedents. Yet
when work violated fundamental tenets or revealed
limitations, additional justification was required.” Field-
based measures, informants indicated, sidestep the
question of what constitutes warranted interdisciplinary
knowledge by relying on the social procedures of peer
review, inter-subjective agreement, and consensus on
what constitutes acceptable results. Informants were often
critical of such “proxy” criteria, believing that they repre-
sent a strictly disciplinary assessment. More primary or
epistemic measures of “good” work are needed that
address the substance and constitution of the research,
such as experimental rigor, aesthetic quality, fit between
framework and data, and the power to address previously
unsolved questions in a discipline.*®

Other studies'” affirm the principle of variability.
The 2004 report Facilitating Interdisciplinary Research'
from the U.S. National Academies of Science (NAS)
cites outcomes in and feedback to multiple fields or
disciplines; expanded expertise, vocabularies, and tool
sets; the ability to work in more than one discipline; a
greater proclivity toward interdisciplinary and transdis-
ciplinary collaboration; and a widened sphere of pro-
fessional reading. Individuals responding to national
surveys preliminary to the report also cited participa-
tion in new subfields and departments as well as
multidisciplinary advisory or review groups; new formal
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affiliations; and the co-mentoring of doctoral students.
Changing career trajectories were gauged by new ap-
pointments, recognition within and outside a person’s
original field, and, in areas such as sustainability and
health outcomes, new public-policy initiatives and al-
tered protocols in health management.12

Principle #3. Leveraging of Integration

Studies of interdisciplinary and transdisciplinary re-
search call attention not only to outcomes but also to
the quality of the process. Integration is widely consid-
ered the crux of interdisciplinarity,?” and Krott*® deems
integration the critical point for evaluation in transdisci-
plinary projects. Likewise, the Harvard Project’ high-
lighted the epistemic criterion of balance in weaving
perspectives into a coherent whole, and integration was
one of four “hot spots” identified in the 2006 AAAS
symposium, in the form of “reaching effective syntheses.”’
The heart of the process, Boix-Mansilla*® explains, is
leveraging integration. In linking processes of intellectual
integration and collaboration, the introduction to this
supplement' and studies'® of the Transdisciplinary To-
bacco Use Research Centers (TTURGs) also stress the
role of antecedent conditions, including frequent oppor-
tunities for communication, structural support, and a
transdisciplinary ethic.

Two sets of guidelines stress the importance of
engaging integration from the beginning. Klein’s
“Guiding Questions for Integration”'? was created for
ex ante evaluation of grant proposals in the TTURCs
program and subsequently revised for Land & Water
Australia’s key document on integration in natural re-
source management. Klein highlights a number of evalu-
ation questions aimed at fostering integration and moni-
toring relationships among organizational, methodologic,
and epistemologic components of a project or program.
Is the spectrum of disciplines and fields too narrow or too
broad for the task at hand? Have relevant approaches,
tools, and partners been identified? Is the structure flex-
ible enough to allow for shifting groupings of individuals
and contextrelated adaptations, deletions, and additions?
Has synthesis unfolded through patterning and testing
the relatedness of materials, ideas, and methods? Have
known integrative techniques been utilized, such as the
Delphi method, scenario building, general systems the-
ory, and computer analyses of stakeholders’ perspectives?
And, is there a unifying principle, theory, or set of
questions that provides coherence, unity, or both?

Defila and DiGiulio’s* catalogue of criteria emerged
from a study of trans-sector transdisciplinary research
commissioned by the Swiss National Science Foundation.
The catalogue provides a comprehensive set of building
blocks to help construct either a self-evaluation or an
external evaluation of a research program. The power of
the generative approach to evaluation lies in its flexibility.
All categories in the catalogue of criteria may not apply at

19,22
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all phases (e.g., scientific quality or integration/synthesis
or project organization/management). The timing and
number of evaluations can also be adjusted throughout
stages, and the questions of who performs the evaluation
and the weighting of criteria are left open, too.

Principle #4. Interaction of Social and Cognitive
Factors in Collaboration

The studies of transdisciplinary collaboration in Clus-
ters 2 and 3 (Figure 1) emphasize the interaction of
social and cognitive factors. While recognizing familiar
indicators such as publications, the logic model that
emerged from studies of the TTURGCs accords greater
weight to collaboration and does not sharply separate
cognitive—epistemic and social factors.'®'® Compara-
bly, Spaapen et al.** describe research in the multidis-
ciplinary-interdisciplinary—transdisciplinary environment
as a “social process of knowledge production.” Studies
of interdisciplinary collaboration concur (Amey and
Brown,” Derry et al.>'). In Cluster 1 (Figure 1), Boix-
Mansilla®® highlights the need to calibrate separate stan-
dards while managing tensions through compromise and
negotiation. The ongoing and systematic communica-
tion of research partners and subprojects lessens the
likelihood of shortfalls of integration. The clarification
and negotiation of differences lessen misunderstanding
and strengthen the conditions for consensual modes of
work. Intellectual integration is leveraged socially
through mutual learning and joint activities that foster
common conceptions of a project or program and
common assessments. Mutual knowledge emerges as
novel insights are generated, disciplinary relationships
redefined, and integrative frameworks built. Within a
heterogeneous mix of disciplines, though, compro-
mises must be made, and the best option may be a
partial, negotiated consensus.

Drawing on experiences in trans-sector transdiscipli-
narity within European landscape studies, Aenis and
Nagel®! formulated two axiomatic considerations for
evaluation: the meta-level of interdisciplinarity (com-
munication among researchers) and participation
(communication between researchers and regional ac-
tors). Communication and negotiation also lie at the
heart of the Fvalunet Guide for Formative Evaluation of
Research Projects,27 an initiative of the Institute for Social-
Ecological Research in Germany. The question-based
guide provides both basic and detailed criteria based
on the empirical study of projects in European research
institutes. Evaluation is defined a collaborative and
discursive learning process. Individuals first address
questions by themselves, and then arrive at a common
plan together, rather than imposing a priori a universal
scoring method. Like the Defila and DiGiulio cata-
logue,? the detailed criteria of the Evalunet guide are
also flexible.
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Principle #5. Management and Coaching

Competence, Klein'® and Defila and DiGiulio®* also
concur, is defined partly in terms of how well the
management of projects and programs implements
consensus building and integration. Therefore, evalua-
tion must consider how well the organizational struc-
ture fosters communication, including networking
among subprojects. The organizational chart and task
distribution must allow time for interaction, joint work
activities, common instruments, and shared decision
making. If a group is pushed too quickly toward inte-
gration, the crucial activities of building rapport and
exploring ways to understand how each discipline
approaches a research question are shortchanged, ulti-
mately shortchanging the quality of the integration.
Comparably, as participants’ in the 2006 AAAS sympo-
sium exhorted, in the peer-review process expertise
must be carefully managed if panelists are to calibrate
their individual beliefs about the meaning of quality.

Leadership is another prominent theme. Gray'’ in
this supplement categorizes three types of leadership
tasks for transdisciplinary research. Cognitive tasks
focus on meaning making through a mental model or
mindset. Visioning and reframing stimulate ideas about
how disciplines might overlap in constructive ways that
generate new understandings and encourage collabo-
rative work modes. Structural tasks entail management
issues of coordination and information exchange, in-
cluding focus and defining objectives, recruitment of
expertise, and accountability for deadlines and deliver-
ables. External boundaries must be spanned, and inter-
nal linkages and information flows brokered across
different disciplinary cultures, status hierarchies, and
organizational structures. Process tasks ensure construc-
tive and productive interactions among team members,
with the attendant subtasks of designing meetings, deter-
mining ground rules, identifying tasks that move partners
toward their objectives, building trust, and ensuring effec-
tive communication (and, if necessary, removing a mem-
ber). Ultimately, Gray'” conceptualizes transdisciplinary
collaboration as innovation networks, underscoring the
need for network stability, knowledge mobility, and inno-
vation appropriability.

Recently, the theme of coaching both the research
and evaluation processes has emerged in Clusters 2 and
3 (Figure 1). Klein'® and Defila and DiGiulio® recom-
mend also using their evaluation guidelines to nurture
integration during the actual course of research.
Spaapen et al.** describe their Research Embedment
and Performance Profile (REPP), which emerged from
studies of agricultural and pharmaceutical research, as
a coaching model rather than a jury model. The REPP
facilitates the graphic depiction of the main activities of
a group (e.g., publications, collaboration, innovation)
and its performance, fostering self-reflection about
process, performance, and mission.** For peer review,
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the Academy of Finland integrative research team''
recommends that national funding agencies coach the
interdisciplinary and transdisciplinary process, and
Laudel’ cites an exemplary model. The German Sonder-
Jforschungsbereiche (SFBs) are networks of research
groups that receive funding for collaborative research
programs. The core of the review process is a series of
group discussions among the reviewers and between
reviewers and applicants. A group or center is also
evaluated every third year by largely the same reviewers.
Repeating the process ensures that reviewers gain the
necessary competence and a communication base over
time, facilitated by the empowerment of applicants and
the enforced interdisciplinary learning of reviewers.”

Principle #6. Iteration and Transparency in a
Comprehensive System

Studies of interdisciplinary and transdisciplinary collabo-
ration highlight the overriding importance of iteration to
ensure collaborative input, transparency, and common
stakeholding. In the TTURG:s logic model,'>'® indicators
are not restricted to a single phrase. They have a
feedback relationship that a strictly linear model of
evaluation cannot capture. The logic model moves
from the basic activities of centers (training, collabora-
tion, and integration) and the earliest expected out-
comes. Basic activities lead to new and improved meth-
ods, science, and models that are tested and lead to
publications. Publications, in turn, foster recognition
and the institutionalization of transdisciplinary re-
search that feed back on the overall infrastructure and
capacity of centers, resulting in increased support for
basic activities. They also provide a content base for
communicating results to a broader community. Rec-
ognition, in turn, provides a secondary impetus for
communications and publications. Policy implications
result as well from communications and publications,
while translation to practice is influenced by improved
interventions. Health outcomes, for example, are influ-
enced both by treatments and health practices related
to policy changes.'®'®

Two models in Cluster 3 furnish insights from fields
of application. Aenis and Nagel®' used logical-frame-
work (log-frame) analysis to define impact indicators in
agricultural research, based on the systematic elabora-
tion of objectives at the beginning. The central insight
is that the mobility of participants and interaction and
communication patterns furnish a heuristic for identi-
fying differences in social domains or contexts for
knowledge production. In each context, differing ex-
pectations exist, with attendant norms, values, and
priorities.”’ The REPP method of Spaapen et al.**
facilitates the reconstruction of both the relevant envi-
ronment and the performance of a group within it,
seeking patterns and profiles rather than imposing a
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priori measurements. A quantifiable benchmark, though,
can be set for each indicator in consultation with research-
ers and policymakers. Scores are plotted on a radar-like
graph that represents variegated activities. If a group
claims to contribute to the development of sustainable
greenhouse production, for example, the profile
should show that empirically. The key dynamics are
feedback to the mission of a program and transparency
of criteria. Feedback allows for context-related adapta-
tions that improve the research process and conceptual
framework. Transparency requires that both evaluators
and participants are informed of criteria from the
outset and, ideally, are involved in defining them.?*

Principle #7: Effectiveness and Impact

Principle #7 returns full circle to Principles #1 and #2:
variability of goals drives variability of criteria and
indicators. The third criteria of quality in the Harvard
study was effectiveness in advancing epistemological
understanding or pragmatic viability in concrete set-
tings. Unintended consequences and unforeseeable
long-term impacts, though, cannot be captured by a
priori measures, and they may have multiple conse-
quences. “Interdisciplinary impacts,” Boix-Mansilla cau-
tions, “are often diffused, delayed in time, and dis-
persed across diverse areas of study and patterns of
citation practice.”*® Defila and DiGiulio agree, admon-
ishing that many long-term effects cannot be predicted
or checked in five-year periods, let alone annual mea-
sures.”” In transsector transdisciplinary, Krott notes,
different target groups also make use of knowledge in
ways unknown at the start of a project.”” Likewise,
studies'®'® of the TTURG:s stipulate that the appropri-
ate time frame for assessing returns on investment or
the value-added contributions of large-scale transdisci-
plinary collaboration may require broad historical per-
spectives spanning two or more decades.

The NAS report Facilitating Interdisciplinary Research'®
cites numerous examples of long-term impacts that
could not be predicted or measured fully at the outset.
Research on nitrate and sulphate cycles, for instance,
proved relevant not only for agricultural production
but also for research on global climate change and the
greenhouse effect. Developing the engineering tech-
nologies necessary to achieve space flight led to ad-
vances in computer control of engineering processes
that subsequently fostered improvements in the reli-
ability of industrial products and processes. Large pro-
grams also stimulate new understanding in multiple
fields, a long-term effect evident in the Human Ge-
nome Project, the Manhattan Project, and in broad
efforts such as the theory of plate tectonics and the
development of the fiber-optic cable. Moreover, gener-
ative technologies such as magnetic resonance imaging
are enhancing research capabilities in an expanding
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number of areas through new instrumentation and
informational analysis.'”

Conclusion: The Logic of Discipline, Peer, and
Measurement

An emergent literature is a benchmark of both what is
known and what remains to be known. Key insights
from this literature appear in Table 2. Yet findings are
still dispersed across multiple forums, even with system-
atic efforts to disseminate information by groups such
as the Europe-based td-net.”>*° Longitudinal empirical
studies of interdisciplinary and transdisciplinary evalu-
ation remain few in number and need testing in local
contexts. Access to in vivo deliberations is still limited in
peer review, and governments lack clearly defined and
tested criteria for prioritizing funding across the spec-
trum of disciplinary and multidisciplinary—interdiscip-
linary—transdisciplinary research. And, more broadly,
unquestioned assumptions about three underlying con-
cepts—discipline, peer, and measurement—continue to
cloud the discourse on evaluation.

Disciplines provide crucial knowledge, methodolo-
gies, and tools for interdisciplinary and transdisci-
plinary work. However, in many discussions, disciplines
are still treated uncritically as monolithic constructs.
Studies of disciplinarity reveal that disciplines exhibit a
striking heterogeneity, and that boundary crossing has
become a marked feature of contemporary research.
Some disciplines, Vickers'® observes, have undergone
so much change that characterizing them as stable
matrices with consensual evidentiary protocols is prob-
lematic. Some new interdisciplinary and transdisci-
plinary fields also reject disciplinarity in whole or in
part, and, Sperberm observed in an online virtual
seminar, the purpose of interdisciplinary work may aim
to undermine current understanding in disciplines. A
standard assessment procedure can help in charting a
program’s interactions within a broader environment
and ensuring that work is sound and reliable.** Yet
stringent evaluation criteria for both research and
evaluation may be counterproductive, especially, Lang-
feldt” warns, for risk taking and “radical interdiscipli-
narity.” Conflicting assumptions about quality meet
head-on during peer review, whether in ex ante evalua-
tions of grant proposals and priority setting in national
research systems or in ex post assessments of research
performance and outcomes. A “commonly agreed yard-
stick” must be developed to “moderate the conservative
forces” of traditional research communities, safeguard-
ing against bias.”

Identifying experts who fit the “problem space” is
crucial, because they form an appropriate interdiscipli-
nary epistemic community. The task is more difficult,
though, in emerging fields where the criteria of excel-
lence are not defined yet and the pool of qualified
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Table 2. Key insights

Principle

number Evaluation principles

Key insights

1 Variability of goals

Variances: size, scope, scale, level and subsystem, degree of integration in

multidisciplinary—interdisciplinary—transdisciplinary environment
Multiple goals: for example, epistemologic or methodologic forms,
product development, pragmatic problem solving
Range of stages: ex ante, intermediate, ex post

2 Variability of criteria and
indicators

Two major approaches to quality assessment: conventional metrics;
indirect, field-based, and proxy criteria vs primary or epistemic

measures of warranted interdisciplinary knowledge in the substance of

the work

Expanded indicators: for example, experimental rigor, aesthetic quality,
new explanatory power, feedback to multiple fields, enhanced research
capabilities, changing career trajectories, new public policies and
treatment protocols, long-term impacts and unforeseen consequences

3 Leveraging of integration

Key factors: balance in weaving perspectives together into new whole,

reaching effective synthesis, antecedent conditions for readiness
Criteria for leveraging and evaluating integration: organizational,

methodologic, and epistemologic components; strategies that promote

communication and consensus; generative boundary objects

4 Interactions of social and
cognitive factors in
collaboration

Requirements: for example, calibrating separate standards, managing
tensions among conflicting approaches, clarifying and negotiating
differences among all stakeholders, compromising, communicating in

ongoing and systematic fashion, engaging in mutual learning and joint

activities
Requirements: managing tensions in balancing acts, consensus building,
integration, interaction, common boundary objects, shared decision

5 Management, leadership,
and coaching

making, coaching the process
Categories of leadership tasks: cognitive, structural, and processual

6 Iteration and feedback in
a comprehensive and
transparent system

Requirements: attuning a pluralism of values and interests, iterative work
to insure collaborative inputs, transparency to include common
stakeholding, feedback to the mission in a dynamic framework, mobility

of participants, interaction and communication patterns

7 Effectiveness and impact

Expanded indicators: sensitivity to variety of goals in Principle 1 and

variety of criteria and indicators in Principle 2; inclusion of
unpredictable long-term impacts, returns on investment, value-added

experts is often smaller. In highly innovative work,
developing validation criteria to gauge progress often
becomes part of the actual process of inquiry.” The
summary report” of the 2006 AAAS symposium cites a
number of strategies in funding agencies, including
creating “on-the-fly” electronic review teams, using “in-
terpreters” who bridge the epistemic gap among con-
tent experts, asking candidates for grants to contribute
the names of suitable peers, and forming joint panels
and “matrix” schemes that combine disciplinary reviews
with full-panel reviews among discipline-based and in-
terdisciplinary members. Special funding programs
may bypass conventional control mechanisms, but they
run the risk of marginalizing interdisciplinary and
transdisciplinary research.”

Lamont and colleagues’ study® of fellowship compe-
titions in social sciences and humanities furnishes a
powerful analytical lens for thinking about interdisci-
plinary and transdisciplinary evaluation. Building on
the work of Max Weber and Emile Durkheim, the team
described the production of legitimacy that occurs in
review panels. Review panels are “sites where new rules
of fairness are redefined, reinvented and slowly recog-
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nized.”® In the absence of customary rules, consensus
on what constitutes a good proposal must be negoti-
ated. Equilibria must be achieved between the familiar-
ity and distance of non-expertise, between transparency
and opacity, expertise and subjectivity, and between
interdisciplinary appeal and disciplinary mastery. Meth-
odologic pluralism is key to arriving at a judgment that
is both consistent and limits bias.”

Finally, the logic of measurement returns the question
of evaluation full circle to the gap between conven-
tional metrics and the complexity of interdisciplinary
and transdisciplinary research. Paralleling interdiscipli-
nary studies and learning assessment, interdisciplinary
and transdisciplinary research process and evaluation
are grounded in the philosophy of constructivism.
Appropriate evaluation is made, not given. It evolves
through a dialogue of conventional and expanded
indicators of quality. Traditional methodology and
statistics have a role to play, but they are not sufficient.
In the past, Sperber'’ admonishes, people seeking the
legitimization of interdisciplinary initiatives had to be
both parties and judges, educating their evaluators in
the process of doing and presenting their work. The
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emergent literature provides both parties and judges
with an authoritative portfolio of methodologies, in-
struments, design models, guidelines, and conceptual
frameworks anchored by a growing body of case studies
and findings. They neither impose nor forestall evalu-
ation awaiting a single-best or universal method that
would be antithetical to the multidimensionality and
context-specific nature of interdisciplinary and transdis-
ciplinary work. They facilitate informed definition of
the task and credible tracking of the actions and
outcomes attendant to the substance, constitution, and
value of the research.

The author thanks Daniel Stokols, Brandie Taylor, Kara Hall,
Richard Moser, and Veronica Boix-Mansilla for feedback on
earlier drafts. The author also thanks Shalini Misra (doctoral
candidate in the School of Social Ecology, University of
California Irvine) for preparation of the figures. Research
evaluation will also be the focus of a chapter by Katri
Huutoniemi in the forthcoming Oxford Handbook of Interdisci-
plinarity, edited by Robert Frodeman, Julie Thompson Klein,
and Carl Mitcham (2009).
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Enhancing Transdisciplinary Research Through

Collaborative Leadership

Barbara Gray, PhD

Abstract:

Transcending the well-established and familiar boundaries of disciplinary silos poses

challenges for even the most interpersonally competent scientists. This paper explores the
challenges inherent in leading transdisciplinary projects, detailing the critical roles that
leaders play in shepherding transdisciplinary scientific endeavors. Three types of leader-
ship tasks are considered: cognitive, structural, and processual. Distinctions are made
between leading small, co-located projects and large, dispersed ones. Finally, social-
network analysis is proposed as a useful tool for conducting research on leadership, and,
in particular, on the role of brokers, on complex transdisciplinary teams.

(Am J Prev Med 2008;35(25):5124-5132) © 2008 American Journal of Preventive Medicine

Introduction

nterest in transdisciplinary research has burgeoned

in the last 10 years. Transdisciplinary research

refers to scientific inquiry that cuts “across disci-
plines, integrating and synthesizing content, theory and
methodology from any discipline area which will shed
light on the research questions.”! Impetus for this new
trend stems from the increasing complexity of scientific
problems,>® from the exploration of basic research
issues, from the need to solve societal problems (like
sustainability and debilitating diseases), and from stim-
uli from generative technologies such as the Internet
and magnetic resonance imaging®® as well as from the
increasingly wide distribution of knowledge in edu-
cated societies.*

Transdisciplinarity, as distinguished from multidisci-
plinarity and interdisciplinarity,” requires that research-
ers invent new science together by exploring research
questions at the intersection of their respective fields,
conducting joint research projects and “developing
methodologies that can be used to re-integrate knowl-
edge.”® While the distinctions between interdisciplinar-
ity and transdisciplinarity may be difficult to tease out
in practice, McMichael’s notion” that transdisciplinarity
promotes “theoretical, conceptual, and methodological
reorientation with respect to core concepts of the
participating disciplines” is, perhaps, the most helpful.
Rather than as an alternative, transdisciplinarity is
envisioned as a complement to ongoing discipline-
based scientific inquiry that “might lead to a different,

From the Smeal College of Business Administration, Pennsylvania
State University, University Park, Pennsylvania

Address correspondence and reprint requests to: Barbara Gray,
PhD, Center for Research in Conflict and Negotiation, Smeal College
of Business Administration, Pennsylvania State University, 404 Busi-
ness, University Park PA 16802. E-mail: bgray@psu.edu.

$124 Am ] Prev Med 2008;35(2S)

© 2008 American Journal of Preventive Medicine e Published by Elsevier Inc.

higher, plane of inquiry”” and enable different ques-
tions to be asked.

According to the International Center for Transdis-
ciplinary Research,

It [transdisciplinarity] occasions the emergence
of new data and new interactions from out of the
encounter between disciplines. It offers us a new
vision of nature and reality. Transdisciplinarity
does not strive for mastery of several disciplines
but aims to open all disciplines to that which they
share and to that which lies beyond them.”®

Transcending the well-established and familiar bound-
aries of disciplinary silos, however, poses challenges for even
the most interpersonally competent scientists.

This paper offers four contributions to the study of
transdisciplinarity. First, it briefly explores the chal-
lenges inherent in working transdisciplinarily. Second,
it focuses on the critical role of leadership in the
shepherding of transdisciplinary scientific endeavors.
Third, it examines the differences between single and
distributed leadership in transdisciplinary teams. Finally, it
conceptualizes transdisciplinary collaborations as innovation
networks and illustrates how socialnetwork analysis can
augment the research on leadership in transdisciplinary
teams.

The Challenges of Transdisciplinary Scientific
Endeavors

The challenges of working across disciplines have been
chronicled in a number of arenas. Numerous stud-
ies”™'* have identified the difficulties associated with
achieving this kind of integrated vision among scien-
tists,>!° within business,!! and in crosssectoral and
global collaborative teams.'*™'* While some scientific
endeavors are likely to suffer from the “groupthink”
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which many have suggested explained the team failure
that led to the Challenger disaster,'>'® transdisciplinary
teams are more likely to experience the opposite prob-
lem. Groupthink refers to the suppression of differences
within a team and its inability to bridge power differ-
ences. In transdisciplinary projects, misunderstanding
and disagreement are much more likely. Squabbles
among scientists about the validity of each other’s
conceptual frameworks, mismatches between rewards
stressing disciplinary competence over innovation, and
institutional disincentives have impeded or prevented
successful transdisciplinary endeavors.”!"!8

For transdisciplinary teams, success may also be elu-
sive if researchers lack a common problem focus.'? For
example, a team of agricultural economists, philoso-
phers, and hydrologists, trying to solve agricultural
problems, faced conflicts over finding a suitable frame-
work and methodology for the study that would be
considered cutting-edge by their individual disciplines.”
In other transdisciplinary teams, the needs of stake-
holders outside of academia, rather than just the needs
with scientific potential, must be integrated with—or
even drive—scientific activity, but this does not match
the scientists’ preferred approach to the topic.?

Finally, the absence of process skills (e.g., decision
making, problem solving, conflict resolution, informa-
tion exchange, coordination, and boundary manage-
ment) has also been noted as a crucial detriment to
collaboration.?®* In transdisciplinary relationships,
this absence includes resolving questions of legitimacy,
ameliorating power differences, and integrating diverse
aims. 15222526 por example, university engineers26 help-
ing to solve irrigation projects in Ecuador favored their
own expertise over local knowledge from the commu-
nity that ultimately proved essential to the project’s
success.”® In light of all these challenges to the building
of transdisciplinary teams, leaders with the skills to
manage collaboratively may make the difference be-
tween success and failure in transdisciplinary efforts.

Leadership Tasks for Enhancing Transdisciplinary
Collaboration

What roles can leaders play to overcome or minimize
these classic failures in decision making, planning, and
cognition while, at the same time, spurring innovation
and creative problem solving in transdisciplinary teams?
In general, research has demonstrated that appropriate
leadership can enhance the overall effectiveness of
teams and increase the satisfaction of team mem-
bers.?”2% To build a model of leadership appropriate
for transdisciplinary collaborations, findings from em-
pirical research on diverse teams and in multiparty
settings are utilized, because in those contexts team
members must also transcend differences to ensure
performance success.”"*™** Thus, leadership models
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for transdisciplinary teams are not necessarily unique,
but share many process concerns with other teams
(such as cross-cultural teams®”or those trying to resolve
complex societal conflicts®"***? in which the manage-
ment of differences is critical for tapping the team’s full
potential.

One model of leadership for multiparty collaborative
endeavors proposes that leadership provides “the mecha-
nisms that lead a collaboration’s policy and activity agenda
in one direction rather than another.”* From this
perspective, leadership can be conceptualized as creat-
ing a mental model, or mindset, to which followers
adhere. Thus, the role of leadership involves sense
making and, consequently, is cognitive in nature. An-
other approach stresses leadership qualities and iden-
tifies the structural roles that leaders must enact to
ensure success. For example, Young'? reports the need
for a leader who is modest, benevolent, visionary, and
strong, and identifies a list of leadership tasks that
parallel those of project management, including pro-
viding focus and defining objectives; recruiting the
necessary expertise; and ensuring the project’s account-
ability (e.g., for deadlines, deliverables). A third ap-
proach emphasizes the need for process leadership,
such as facilitating conflicts among members.?*"
These tasks can be grouped into three general catego-
ries: cognitive, structural, and processual. Each of them
will be discussed in detail.

Cognitive tasks. Viewing the leadership of transdisci-
plinary initiatives as a cognitive task means that leader-
ship involves the management of meaning.**** Leaders
manage meaning for others by introducing a mental
map of desired goals and the methods for achieving
them while at the same time promoting individual
creativity. Transformational leaders high on charisma,
for example, are seen as powerful shapers of their
followers™ aspirations,”® which positively affects team
performance.37 In transdisciplinary collaborations, this
means a leader motivates followers by aligning the
followers’ self-concepts and individual scientific aspira-
tions with the larger transdisciplinary mission.*”*

In transdisciplinary research, the cognitive tasks of
leadership largely consist of visioning and framing.
Here the visioning is an appreciative task that appeals
less to the followers’ complicity with achieving a pre-
established goal and more to the unleashing of their
own curiosity and creativity. This visioning process is
referred to as intellectual stimulation by transformational
leadership researchers,”® and includes leader behaviors
that promote divergent thinking, risk taking, and chal-
lenges to established methods.***”* Transdisciplinary
leaders need to be able to envision how various disci-
plines may overlap in constructive ways that could
generate scientific breakthroughs and new understand-
ing in a specific problem area. They themselves need to
appreciate the value of such endeavors, be able to
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communicate their vision to potential collaborators,
and construct a climate that fosters this collaboration.
Limmerick and Cunnington®' describe this as “getting
the mind-set right,” which to them means both under-
standing and believing that working in an alliance is
preferable to other modes of organization.

Beyond that, visioning should help transdisciplinary
participants to break out of past mindsets and open up
the content of new agendas.”*® Leaders engaged in
visioning engage in the leadership task described as
Jframing—the construction of a mental model that pro-
vides a sense-making device for team members, cap-
tures their beliefs and abilities, and motivates them to
work productively together.”® Most importantly for
transdisciplinary projects, such visioning encourages
members to reframe their extant conceptual frame-
works. Such reframing requires the suspension of cur-
rent assumptions and the introduction of a vision that
turns participants’ current mindsets upside down, jars
them loose from their conceptual moorings, and cre-
ates an opening in which the previously unthinkable
can become reality.**! These frame shifts can result
from the introduction of a new metaphor,** from the
adoption of a new gestalt (e.g., a figure/ground shift),
from moving up or down a level of abstraction in
thinking,*' or from deciphering meaning that tran-
scends two cultures.®® In this sense, then, transdisci-
plinary leaders attempt to create breakthrough visions
for their colleagues.

The visioning role of transdisciplinary leaders is
needed on two levels. First, on a content level to
conceptualize and inspire the frame shifts described
above. Visioning techniques can be employed to help
people conceptualize the kinds of outcomes that might be
possible through their collaboration. Techniques such as
search conferences**** and appreciative inquiry**=*” may
prove useful for this in the initial phase of transdisci-
plinary collaboration. Search conferences refer to efforts to
build a common understanding of the domain or
problem under consideration by imaging the desired
futures that the researchers could pursue. Appreciative
inquiry encourages the review of the positive aspects of
the participants’ working relationship to date as a
launching pad for introducing change.45_47 Applying
search techniques to transdisciplinary teams would
involve asking team members to identify the assumptive
frameworks underlying their disciplinary views and the
current and anticipated trends likely to influence their
discipline’s research in the future. For cancer research,
for example, they might list behavioral changes that are
likely to influence the incidence of cancer in the short-,
medium-, and long-term future, and then construct
predictions about their likelihood and potential effects.

The consideration of these various scenarios from
the perspective of many different disciplines triggers
reframing by the juxtaposition of unknown outcomes,
unlikely outcomes, or both with expected ones.*>** If
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using an appreciative-inquiry approach, team members
might extract the generative aspects of their most
creative or productive projects from the past and build
these into their current work. Interestingly, these kinds
of visioning techniques can also promote relationship
building among collaborators: “...a short, intense,
whole system meeting enables something not available
in any other way: A gestalt of the whole in all partici-
pants that dramatically improves their relationship to
their work and their coworkers.”**

A second level of visioning that transdisciplinary
leaders need to encourage relates to the process of
working collaboratively. Working constructively with
diverse others in any context requires patience, toler-
ance, openness, listening, and conflict-resolution capa-
bility. While again these skills are not unique to transdis-
ciplinary teams, they are clearly beneficial. Transdisciplinary
team members queried about their leaders quickly ident-
fied these attributes in them, using phrases like: She listens,
he sees the possibilities, she builds bridges, and they model
this kind of behavior for their teams.*® The process
responsibilities associated with transdisciplinary leader-
ship are considered in more detail below.

Frame change, by necessity, must also contend with
the problem of language. “The language problem
arises because the same words are used in quite differ-
ent ways in different disciplines.”*’ By recognizing this
potential problem, transdisciplinary leaders can foster
the development of a common language that is mean-
ingful for team members along with the development
of respect for each contributor’s models and meth-
ods.”®”! Some transdisciplinary projects report con-
structing a glossary of key terms without which members
from each discipline make idiosyncratic interpretations of
terms that result in confusion and misunderstandings.*®

Another cognitive task required of transdisciplinary
team leaders is judgment. Leaders must be able to
make discriminating decisions about numerous issues.
For example, judgments are required about the scope
of the project, as this description® of the judgment
calls involved in the Transdisciplinary Tobacco Use
Research Centers initiative within the National Cancer
Institute illustrates: Leaders had to manage a balance
between depth and breadth as each center’s theme
evolved, in order to optimize the potential of scientific
inquiry while remaining realistic about the strengths,
gaps, and logistics of undertaking such a research
endeavor.”! Other judgment calls concern determining
whom to invite onto the project, which new projects are
the most promising, and how to deploy resources once
participants are on board.

Structural tasks. Structural-leadership tasks address the
team’s need for coordination and information ex-
change—both within the team and between the team
and external actors. The structure of the social network
linking transdisciplinary the participants and leaders’
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positions within the team can enhance the team’s
overall performance through the creation of social
capital or the ability to take advantage of network
connections.*>**%® Previous research found that lead-
ers who occupy positions of centrality in networks were
highly educated, low in neuroticism, low in adversarial
centrality, and had values similar to those of their
teammates.”* Research on brokers (who occupy key
positions between others) in transdisciplinary networks
reveals they are high on the Big Five Personality factor
of openness, displayed an ability to imagine and pro-
pose potential collaborations among researchers, and
engaged in active transdisciplinary mentoring of junior
faculty.*® Such leaders reported that they not only
engaged in but enjoyed these matchmaking roles and
were acknowledged for them by their colleagues. Most
had had positive transdisciplinary mentoring them-
selves, and, in addition, were also seen as people who
got things done.*

Research shows that both transformational leaders
and their direct reports occupy central positions in
their organizations’ advice and influence networks™
which enables them to garner greater social capital.”**?
Managing both of these boundaries successfully in-
volves boundary spanning®®°® and brokering,””~*° both
of which are essential to the effective work of the team.
Boundary-spanning activities are critical for teams en-
gaged in innovation because they enable the teams to
secure and convey information from and to groups out-
side their boundaries.”” Among the boundary-spanning
tasks identified as key for transdisciplinary teams are
gaining and maintaining sound institutional commit-
ment and support,'” acquiring funds to manage emerg-
ing areas of research and training, devoting adequate
attention to and securing funds for infrastructure, and
building bridges to other centers and new disciplines.**"!

One form of boundary spanning essential for trans-
disciplinary team construction is brokerage. As noted
above, in social-network terms, brokers link groups of
actors who are not otherwise connected to each other.
Brokers occupy “structural holes” at the crossroads
between groups of actors.” Thus, brokers intervene by
building linkages and increasing information flow
among previously unrelated parties.’”*® Because of
their unique vantage point, brokers have access to a
wider array of information than others within a network
and, because they have one foot in each of several
camps, can decipher differences among the camps and
translate among them.® Brokers often serve as conflict-
handlers to iron out disputes and misunderstandings
among groups.”® Brokers can also ameliorate power
and status differences among diverse groups.®’ Given
that transdisciplinary teams comprise junior and senior
researchers, postdoctorate fellows, graduate students,
and research assistants, the potential for status issues to
mar communications seems inevitable.
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The primary function of brokers in these situations is
to ensure standing for low-power partners and to
provide a conduit for information transfer and negoti-
ations among partners of differential power. These
tasks are not always easy, however, given that ego
enhancement goes hand in hand with academic pur-
suits. Brokers with cultural fluency can serve as transla-
tors to facilitate alliances across cultural boundaries.®?
Cultural fluency refers to “recognizing identities and
inviting divergent ways of making meaning into our
awareness.”®® This kind of experience (i.e., the ability
to tap into the experiences of or see through the lenses of
other disciplines) is precisely what enables creative problem
solving and reframing in public-policy arenas.*"**

One structural innovation within universities that has
fostered interdisciplinary work is the creation of inter-
college research institutes administered outside the
traditional departmental structure.'® These bring visi-
bility to particular research activities that might not
otherwise be recognized as important (e.g., materials,
environment, transportation).

There is unquestionable evidence that scholars
and their students from diverse disciplines can
work together effectively on common complex
problems with tangible benefits to all, if careful
thought is given as to how to encourage and
sustain such interaction over a period of time.'®

Launching and sustaining transdisciplinary research
efforts requires leadership in the form of strong advo-
cates at the top of universities, and university adminis-
trators need to be evaluated on the breadth of vision
and encouragement for transdisciplinary research that
they exhibit."®

Processual tasks. Attending to the process dynamics of
a transdisciplinary team demands an especially impor-
tant set of interpersonal skills that are critical to suc-
cessful team collaboration.?’™2*%52 Process leadership
includes a host of activities related to ensuring that the
interactions among team members are constructive and
productive. Several subtasks fall under the umbrella
task of attending to the processual aspects of the team:
designing meetings (e.g., deciding when plenary or
small-group meetings, caucuses, or joint data collection
may be most productive); determining what ground
rules might be useful; identifying tasks to move the
partners toward their objectives; building trust among
the partners; ensuring that effective communication is
occurring; garnering buy-in from team members and
their institutions; and mediating conflicts that are likely
to arise’® as team members strive to understand and
integrate concepts, frameworks, and methodologies that
may threaten their disciplinary comfort zones. Some of these
resemble more traditional projectmanagement tasks (such
as goal setting, planning, coordinating information ex-
change, and monitoring progress), but others require more
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interpersonally oriented skills. Leadership intervention
in the affective aspects of team life can prove especially
beneficial, because interpersonal tensions generate
negative emotions that erode the open exchange of
ideas.”® The vicissitudes of evaluation and re-application
for funding can also affect the emotions of team mem-
bers.®® At these times, effective leaders need to display
good listening skills, empathy, and the ability to reorient
the team’s efforts toward their long-term goals.

To summarize: Critical to promoting effective collab-
oration are leaders who “have the credibility to get the
right people together to create visions, solve problems,
and reach agreements about implementable actions.””!
It is important to note, however, that these leadership
tasks need not necessarily be performed by a single
leader. Instead, they could be handled in a distributed
fashion by multiple members within a transdisciplinary
team.®* This issue is addressed in the next section.

One Leader Or Many?

Stokols et al.”® have detailed the differences in com-
plexity and geographic dispersion associated with trans-
disciplinary collaborations. While some projects may
involve a small group of researchers who are collocated
at a single institution, others may involve virtual, cross-
institutional relationships with many scientists at each
institution. Each of these extremes poses different
challenges for transdisciplinary leadership, suggesting
that a contingency perspective on transdisciplinary
leadership may be useful.

Table 1 offers a contingency framework highlighting
the different leadership tasks and skills required in
different transdisciplinary circumstances. For example,
in a small co-located project, a single, centralized leader
may be sufficient to provide the charisma and coordi-
nation functions to promote effective collaboration
within a transdisciplinary team.”® In these settings,
centralized leaders can maintain close connection to
others in the team and enjoy informal, face-to-face

Table 1. Types of collaboration and corresponding
leadership characteristics

Type of
transdisciplinary

collaboration Characteristic features of leadership

Small and collocated Single leader

Central leader

Informal connections

Face-to-face processes

Teambuilding

Leader needs process skills

Multiple leaders/champions

Leaders in brokerage positions

Coordination needed among leaders

Leaders as translators and conflict-
handlers

Large and dispersed
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connections that foster information exchange, coordi-
nation, and emotional support.””°*%? Process interven-
tions that instill creativity and teambuilding are not
only feasible but likely to improve transdisciplinary
outcomes in these settings. Still, as noted earlier, with-
out institutional champions higher up in the organiza-
tion, even these small collaborations could experience
limited success.'®®!

For larger, more dispersed teams with multiple sites,
multiple leaders and champions who collaborate on
key tasks may be essential. Multiple leaders can ensure
that each separate unit builds commitment and buy-in
to the transdisciplinary mission.®” However, they also
need to design effective coordination and information-
exchange among these geographically disperse units.
In these settings, it is useful to view them as innovation
networks.’® In such networks, multiple leaders link
loosely connected actors but “lack the authority to issue
commands” and participants “are not obliged to com-
ply.”®® Three critical areas for leaders in innovation
networks are managing network stability, knowledge
mobility, and innovation appropriability.’® Managing
network stability ensures that the network remains
intact even if some members come and go. Leaders who
manage knowledge mobility ensure that necessary in-
formation is transferred among network partners. Man-
aging innovation appropriability refers to garnering
benefits from network activities. For transdisciplinary
collaborations, this would translate into gaining appro-
priate recognition through publications.

For dispersed innovation, network leaders need to
perform brokerage roles in order to link diverse units
for whom informal, face-to-face connections are not
possible. Brokers offer cross-cutting ties that enable
them to acquire “vision advantage™:

... opinion and behavior are more homogenous
within than between groups, so people connected
across groups are more familiar with alternative
ways of thinking and behaving, which is an advan-
tage in detecting and developing rewarding op-
portunities. Specifically, there is a vision advan-
tage . . .. New options emerge from selection and
synthesis across structural holes.” Thus, because
brokers can span structural holes, they can under-
stand a problem from multiple perspectives and
facilitate widening of frames by members of each
unit (or discipline).®*

Additionally, multiple leaders can increase the sus-
tainability of transdisciplinary collaborations when re-
search results need to be disseminated to community
participants.®® These leaders function as champions to
ensure that community concerns are understood and
incorporated into plans for implementation.*"%> Mul-
tiple leaders may also be crucial on teams in which
members have similar levels of expertise, albeit in many
different disciplines. In such cases, process leadership
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Figure 1. Example of brokers in a social network

may be of particular importance to ensure that every-
one’s expertise is acknowledged and respected and that
no single discipline dominates the proceedings.

Studying Transdisciplinary Collaborations As
Innovation Networks

If transdisciplinary collaborations are conceived of as
innovation networks, then social-network analysis may
prove to be a useful tool for studying these collaborative
initiatives and, in particular for studying leadership
roles within these networks.®” Social-network analysis
maps the relations within a group as a pattern of ties
among the actors. Network analysis focuses on the
entire system of linkages rather than on specific dyad
connections.

One previous study® of interdisciplinary research
used this technique to study the extent of interaction
among researchers and to assess which personnel were
critical for fostering collaboration. Figure 1 depicts a
social network map diagram (a sociogram) of a trans-
disciplinary group at one institution. The nodes repre-
sent individual team members. The data are drawn
from the researchers’ co-authored publications during
a single year. The thicker the lines connecting actors,
the more they publish jointly. Individuals 8 and 13 have
the greatest number of joint publications; Individuals 1
and 9 and Individuals 1 and 13 have the next-highest
level of co-authored work. Team Members 6, 7, 10, and
12 have no co-authored publications with other team
members for the year in question. These members may
be newcomers to the team (e.g., recently recruited
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graduate students) or ongoing members whose exper-
tise is not yet aligned with that of others on the team. A
network study of one research center promoting inter-
disciplinarity found that researchers did link up across
disciplines (84% of the researchers’ connections formed
after the center was created), but that graduate and
postdoctoral students had more interdisciplinary contacts
than faculty did.®®

Social-network techniques use a measure called
betweenness  centrality to identify brokers within
teams.””* Betweenness centrality reflects the degree to
which an actor links to individuals who are not other-
wise linked to anyone else. In Figure 1, it can be seen
that Persons 1 and 5 are clearly brokers among the
team, because they connect Teammates 15 and 16
(and, to a lesser extent, Teammate 11) to the rest of the
team. Thus, brokers facilitate information exchange®
by connecting these outliners and their diverse views to
the team. Additionally, to the extent that team mem-
bers have diverse contacts outside the team, they too
may leverage those brokerage roles to import novel
insights into the team. According to Burt, “Research
has strategic value when an observer sees how a finding
has implications for what other people see as unrelated
theory. A creative spark on which serendipity depends
is to see bridges where others see holes.”® Figure 2
depicts five different types of brokerage roles.”” For
large, dispersed transdisciplinary teams, brokers who
function as representatives and liaisons are the most

Liaison
Brokers: Intermediary actors
who facilitate transactions
between other actors lacking
direct access to one another

Representative m
Gatekeeper @@
Consultant %
Solid points are actors;
) ellipses are subgroup
Coordinator memberships

Figure 2. Types of brokers®”
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crucial because they are the only links connecting
diverse groups (such as researchers from different
disciplines).

Three advantages accrue to people in brokerage
positions. They can access a wider array of information,
get it earlier, and can control information diffusion.>®
Because of their unique position, brokers not only can
leverage their vision advantage to identify and create
new opportunities, but they are also viewed as attractive
candidates to include in these opportunities.”® And, be-
cause they receive specialized information from the di-
verse groups they connect, they can serve as translators—a
particularly important role for transdisciplinary collabo-
rations in which scientific assumptions and jargon can
impede researchers. Recent research®® on brokers’
functions in a software development team that con-
sisted of two geographically disparate and historically
separate groups found that brokers played important
roles as mediators of conflict. While other team mem-
bers saw conflicting schemas within the team (arising
from a clash of localized, parochial experiences), bro-
kers did not.*® While brokers noted the potential
downsides of such conflicts for the team, they viewed
them instead as opportunities to bridge differences
within the team and stepped up as self-appointed conflict-
handlers among their colleagues. Consequently, rather
than using their vision advantage for their own entrepre-
neurial gains (as Burt’® argues), these brokers per-
formed critical process tasks for the project by serving
as mediators of the conflicts rooted in historical, paro-
chial differences.”” Additionally, brokers were the only
team members viewed as experts by both groups57
(which is also true of centralized leaders in smaller
teams®”). Obstfeld®” found brokers playing similar roles
in the innovation teams that he studied.

Conclusion

Transdisciplinary teams provide a fascinating new
venue for the study of collaboration and collaborative
leadership in particular. To be successful in these
venues, leaders must assume a pivotal role in surmount-
ing the obstacles inherent in transdisciplinary collabo-
rations and in facilitating the emergence of major
discoveries from these endeavors.”””" Three general
tasks of transdisciplinary leaders were outlined in this
paper: cognitive, structural, and processual. Effective
cognitive leadership provides a vision that links and
motivates transdisciplinary researchers to step beyond
their disciplinary lens, relax old assumptions, and
search for creative frame-breaking solutions. Effective
structural leadership adds value by creating needed
bridges among unconnected parties. Effective proces-
sual leadership encourages trust and turns potentially
destructive conflict into constructive interactions.
With increasing size and geographic dispersion, the
task of transdisciplinary leadership becomes more com-
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plex, making the need for multiple leaders with differ-
ent skills and network relationships a distinct possibil-
ity. While informal, centralized leadership may be
sufficient for small, co-located teams, multiple leaders
who serve as brokers to connect more disparate and
unconnected groups of researchers are needed for
larger projects. Shared decision making principles,
close coordination, mutual respect, and highly refined
process skills are vital for these leaders to sustain
effective transdisciplinary collaborations.

To date, transdisciplinary leadership is mentioned
briefly in descriptive studies of such projects®'**” The
model of transdisciplinary leadership presented here
has drawn on that descriptive research, but also has
incorporated empirical research on collaboration and
network studies from other arenas. Both social-network
analyses and close observational examination of lead-
ers’ behavior’" in transdisciplinary efforts is needed to
strengthen understanding of the distinctive require-
ments for leaders in these contexts. Social-network
studies of how transdisciplinary networks evolve over
time could provide promising insights into the struc-
tural patterns that contribute to innovative transdisci-
plinary outcomes. Examination of whether transforma-
tion leadership behaviors are suitable for bridging
disciplinary boundaries would also be useful as would
obtaining leaders’ and followers’ perceptions of how
they transcended critical differences in paradigms, as-
sumptions, theories, and methods. Understanding what
motivates researchers to engage in transdisciplinary
research would also be useful, because motivations can
be both internal and external. Federal funders can
promote such efforts through specific grant struc-
tures; academic institutions can create conducive or
prohibitive cultures for transdisciplinary research;
and individual researchers may have personal pro-
pensities and training that motivates them to pursue
such projects. Most likely, however, it is the combi-
nation of personal motivation, institutional support,
and external funding that will enable transdisci-
plinary efforts to thrive.?® Still, individual researchers
need to weight the costs and benefits of transdisci-
plinary work for themselves. Without facilitative lead-
ership, potential participants may judge the likeli-
hood of such payoffs to be slim.

In essence, success in transdisciplinary endeavors is
not solely the responsibility of leaders. Nonetheless,
the achievement of major innovations hinges on
whether leaders have the capacity to enable deep
diversity to thrive while simultaneously forging inte-
gration across disciplinary boundaries within their
teams.

No financial disclosures were reported by the author of this
paper.
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Transdisciplinary Training
Key Components and Prerequisites for Success

Justin M. Nash, PhD

Abstract:

The training of transdisciplinary science is distinct in its intention to develop scientists who
synthesize the theoretical and methodologic approaches of different disciplines. As a
result, transdisciplinary scientists are better prepared to address the complexities of health
problems. The most common form of transdisciplinary training is the multi-mentor
apprenticeship model, with each mentor training from his or her own discipline. The
transdisciplinary trainee is faced with many challenges, including learning the languages
and cultures of different disciplines along with learning how to navigate within and
between disciplines. The trainee also confronts unique career development risks. The
climb up the academic ladder can be slower, rougher, and less linear than that of the
trainee’s single-disciplinary-trained peers. A number of factors can help the trainee in
overcoming the challenges: being able to develop a core set of values and behaviors that are
essential for transdisciplinary scientists; having the commitment and support of training
institutions, training directors, and mentors; and having training structures and processes
in place to prevent the training and trainee from naturally regressing back to familiar
single-disciplinary approaches. There is relatively little known empirically about transdis-
ciplinary training. Future efforts can focus on developing a better understanding of the
unique characteristics of transdisciplinary training, identifying the effective elements that
relate to training outcomes, defining the critical outcome metrics at different time points
during and following training, and creating toolkits to help with training processes.

(Am J Prev Med 2008;35(2S):5133-S140) © 2008 American Journal of Preventive Medicine

Introduction

he complexity of health problems, combined

with rapid technologic advances to address

them, has intensified the call for researchers to
more explicitly break from isolated disciplines and use
integrative, transdisciplinary, scientific approaches.!
Transdisciplinary science can be conducted by collab-
orative teams with members from different scientific
disciplines and even nonscientific professions (e.g.,
architecture, city planning, law). Alternatively, transdis-
ciplinary science can be conducted by individual scien-
tists who become integrative in their disciplinary ap-
proach to research.”? Kessel et al.* present case studies
of collaborative teams of scientists and individual scien-
tists who are integrative in their work. Examples of case
studies from their volume will be used to illustrate key
points. For example, Jay Kaplan, a physical anthropol-
ogist at Wake Forest University, and Stephen Manuck, a
psychologist at the University of Pittsburgh, use a team
approach. Each relies on his own discipline-specific
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expertise to collaborate in their examination of the role
of behavior in the development of heart disease.” On
the other hand, Richard J. Davidson is an individual
scientist who is integrative in his examination of the
neural substrates of emotion.’

Transdisciplinary training can occur at any level of
career development. At an early career stage, doctoral
training can be inherently transdisciplinary. The PhD
program in Social Ecology at the University of Califor-
nia Irvine is an example of a doctoral program that has
an established record of training scientists who are
transdisciplinary. Early career transdisciplinary training
is advantageous in that students are more readily ac-
ceptable of different disciplinary approaches and learn
to conceptualize across theoretical perspectives and
multiple levels at the outset of their scientific experi-
ence. Early career transdisciplinary training has the
limitation, however, of not providing what some, in-
cluding Kaplan,” would consider important. Students
do not receive grounding in a set of specific disciplinary
skills relating to a particular body of knowledge. At later
career stages, scientists are better-grounded in a disci-
plinary approach. The Robert Wood Johnson Founda-
tion Health and Society Scholars program trains post-
graduate fellows who address the determinants of
health problems across biological, behavioral, environ-
mental, and social levels. Transdisciplinary training at
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later career stages is disadvantageous when scientists
are more fixed in their scientific ways and less open to
incorporating new disciplinary approaches into their
work.

Early in training at the undergraduate or early grad-
uate levels, a more didactic-intensive approach is used.
At the advanced graduate level and beyond, an appren-
ticeship model is more typical, with mentoring playing
a central role in transdisciplinary training. In the
single-mentor apprenticeship approach, a transdisci-
plinary researcher serves as a mentor, and a model, for
a student who learns to conduct transdisciplinary re-
search. The single-mentor model in transdisciplinary
training is not common.” The use of multiple men-
tors is often a necessity because most scientists who can
serve as mentors were trained in a single discipline,
operate from a single disciplinary framework, and are
employed within traditionally structured departments.
In this approach, each mentor on the team trains in his
or her separate discipline. With a team of mentors, a
trainee’s proximity to mentors is desirable but not
always certain. Mentors can be located within separate
departments at the same institution or at separate
institutions as part of geographically dispersed net-
works.'%!! In this paper, the focus is on training at the
advanced graduate and postdoctoral levels, using an
apprenticeship model with multiple mentors, to de-
velop scientists who will individually approach research
from a transdisciplinary perspective.

Conceptual Understanding of Transdisciplinary
Training

The distinction between transdisciplinary training and
other integrative training approaches (e.g., interdisci-
plinary training) is not yet delineated. The distinction
in training presented here follows the distinguishing of
different integrative research approaches made by
Rosenfield'? and, more recently, Rosenfield and Kes-
sel.'® They distinguish different integrative research
approaches on the explicitness in which the team
members integrate disciplinary perspectives and ana-
Iytic levels. Similarly, it is suggested here that in multi-
disciplinary training, trainees are taught a single disci-
plinary approach but also learn to work alongside
researchers from other disciplines. The intention of
interdisciplinary training, on the other hand, is to
develop scientists who possess a working knowledge of
different disciplinary conceptual frameworks and meth-
odologic tools. Transdisciplinary training is defined by
its intention to produce scientists who are able to
synthesize theoretical and methodologic aspects of
different disciplines in a defined problem area. The
differences in training approaches lie in the presence
and level of disciplinary integration involved, with
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single-disciplinary training and transdisciplinary train-
ing anchoring the two extremes.

Constraints and Challenges in Transdisciplinary
Training

The challenges in transdisciplinary training extend
beyond learning topic knowledge and research skills in
different disciplines. The challenges occur at the in-
trapersonal, interpersonal, and systems levels. In en-
countering all the challenges, the transdisciplinary
trainee confronts some forces that act to push him or
her away from engaging in unfamiliar disciplines and
other forces that act to pull him or her back into
operating solely from the secure, familiar disciplinary
fold. In Figure 1, the challenges in transdisciplinary
training are presented along with facilitating factors
that influence training outcomes.

A Tale of Two Learning Cultures

Obstacles develop when the natural learning style of
the transdisciplinary trainee conflicts with the teaching
approaches used in different disciplines and at differ-
ent levels of analysis.'*'” In their team approach to
examining the determinants of cardiovascular health,
Gary Berntson, a more basic psychobiological and
behavioral neuroscientist, and John Cacioppo, a social
psychologist, recognize the challenges in learning to
integrate factors across a basic biological level and a
social-cultural level.'® For example, a trainee who is
particularly strong in memorizing and reproducing
large amounts of factual information may be facile in
learning human biology, which is anchored in concrete
anatomy and genetics. That trainee could become
bewildered when shifting to social psychology, which is
based on a complex set of abstractions that represent
the interacting actions and influences of relationships
among individuals, groups, societies, and cultures.
Thus, it is important for transdisciplinary trainees to
have a sense of how learning occurs in different disci-
plines in addition to knowing what needs to be learned.
It is especially challenging for trainees to venture into
the space that exists between the two disciplines, where
the learning and teaching approaches have yet to be
established."”

Learning Language Within the Learning Cultures

Each disciplinary culture has a language with special-
ized terminology that allows for efficient communica-
tion betweens its members. Success in transdisciplinary
training hinges on the capacity of trainees to be able to
speak the different disciplinary languages.®®'*17:18
Learning different disciplinary languages is one of
the most time-consuming, confusing, and frustrating
experiences for trainees. Once successful, however,
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the transdisciplinary trainee
not only learns elements of
each language, but is unique
in speaking a hybrid lan-
guage that develops from the
core terminology of each dis-
ciplinary language. The de-
velopment of this hybrid
language is part of the innova-
tion that occurs in transdisci-
plinary training and research,
along with the development
of unique theoretical per-
spectives and methodologic
approaches.

Operating in the
Ambiguity Among the
Disciplines

Transdisciplinary trainees,
who are already challenged
with learning how to ma-
neuver within separate disci-

Training
elements

Factors influencing
training outcomes

Didactics

Mentoring

Research experience
Mentor projects
Independent projects

Challenges

Learning different
disciplinary cultures
and languages

Operating between
disciplines

Building relationships with
others so different

Confronting career
development and
identity risks

Training
outcomes

Facilitators
Antecedent factors
Communication
Trust
Transdisciplinary ethic
Funding
Leadership
Structures

During training

Ability to develop
integrative
hypotheses

Knowledge and skills
from different
disciplines

Development of
transdisciplinary
characteristics

First 5 years

Integrative nature of
conference
presentations,
published articles,
and grants

Beyond 5 years

Integrative nature of
conference
presentations,
published articles,
and grants

Work cited by others

plinary structures, also have
to learn how to operate in
the ambiguous space be-
tween the disciplines.17 This
space is where constructs
are ill-defined, methods not
yet established, and training
objectives unspecified (e.g.,
topic knowledge, methods,
and skills to be learned).
This is uncharted territory

Team dynamics Mentoring track record

Intervening processes
Time
Defined research
problem

Individualized training
plan

Mentor structure and
process

Training about
transdisciplinarity

with terrain that only the
trainee traverses. Mentors,  outcomes

who remain comfortably sit-

uated within the confines of

their respective disciplines, are limited in their ability to
guide trainees through the ambiguity existing between
disciplines. The trainee, by confronting the unique and
complex theoretical and methodologic problems
alone, ultimately creates innovative solutions that re-
flect a synthesis of disciplinary perspectives, a formation
of innovative hypotheses, and a creation of new meth-
odologic tools.

Engaging with Unfamiliar Others in an
Unsupportive Environment

Effective interpersonal relationships are central to suc-
cessful collaborative ventures. In transdisciplinary train-
ing, relationship-building involves extra challenges.
Faculty and trainee relationships that occur across
disciplinary lines require engaging with those who not
only speak different disciplinary languages but also use
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Figure 1. Transdisciplinary training elements, facilitating and challenging factors, and

unfamiliar scientific approaches and who may harbor a
subtle antagonism toward disciplinary approaches
other than their own.

The antagonism can be a byproduct of the culture of
traditional academic structures that breeds disciplinary
stereotyping, prejudice, and rivalry. Traditional aca-
demics reinforce narrowly defined disciplines with well-
defined boundaries."'¥ The similarities among the
disciplines are not adequately recognized and the dif-
ferences between them are not well-respected.”” The
situation is further exacerbated by interdepartmental
rivalry that occurs as departments compete for finite
resources from the parent institution. In the traditional
academic environment, faculty and trainees who need
support in their efforts to cross disciplinary lines are
instead discouraged. Davidson® considers the trainee’s
ability to cross disciplinary, departmental, and institu-
tional divides a critical aspect of transdisciplinary train-
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ing. As a graduate student in psychology at Harvard, he
crossed disciplinary and departmental lines to learn
behavioral neurology from scientists at Harvard Medi-
cal School and crossed disciplinary, departmental, and
institutional lines to learn neuroanatomy from scien-
tists at Massachusetts Institute of Technology.

Confronting Compromises in Career
Development and Confusion in Identity

The climb onto and up the academic ladder can leave
transdisciplinary researchers feeling misunderstood,
undervalued, and without a clearly defined disciplinary
identity.>?!>1%2122 The fundamental dilemma is the
perception that the trainee is a jack-of-all-trades but
master of none.

After investing extra time to complete formal train-
ing, the trainee may face compromised prospects in
becoming employed. Individuals trained in transdisci-
plinary approaches are competitive for positions at the
boundaries between disciplines (e.g., positions in com-
prehensive cancer centers) but are at a disadvantage in
seeking specialist jobs within traditional academic
departments.

Once hired, transdisciplinary researchers may find
that their paths through the academic ranks may not be
as swift or smooth as that of their more traditionally
trained peers.' Transdisciplinary researchers wonder
how they will fare in publishing manuscripts and ob-
taining grants when their theoretical and methodologic
work does not reside neatly within any one disci-
pline.'*'® As transdisciplinary researchers, they face
grant and manuscript reviewers who have a natural
tendency to be critical of work that is unfamiliar.
Davidson,® as an individual scientist, and Berntson and
Cacioppo,'® as collaborative scientists, encountered
early career challenges in obtaining grant funding
because the innovative, transdisciplinary nature of their
research was not recognized by review panels represent-
ing more traditional disciplines and perspectives. Dav-
idson’s experience® was that grant reviewers at the time
did not recognize that emotions could affect health and
were not competent in both biological measures and
emotion research.

Even when they secure grants and publish articles,
transdisciplinary researchers face hurdles in having
their original contributions recognized by members of
promotion and tenure committees. Publications that
are outside of recognized discipline-specific journals, or
that are team-authored, are held in lower regard."'*"?
Light and her colleagues® at the University of North
Carolina note that collaborative cross-disciplinary
research frequently requires that five or more au-
thors share credit on important papers. In some cases
the co-authors will have contributed almost as much
as the first author, yet they receive substantially less
recognition.
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Factors That Facilitate Overcoming the Challenges

Despite the challenges inherent in transdisciplinary
training, formal investments and commitments con-
tinue to be made by funding agencies, institutions,
professional societies, publishers, leaders, mentors, and
trainees. Institutions recognize that transdisciplinary
training initiatives can help fertilize interdisciplinary
and interdepartmental research, opening opportuni-
ties for new funding sources. Identifying the factors
that can facilitate the training of transdisciplinary sci-
entists will help to overcome the number of challenges
that are present. The factors that are assumed to
facilitate transdisciplinary training are, for the most
part, based on observational data that have a very small
evidence base. In Figure 1, factors that facilitate trans-
disciplinary training are presented along with the chal-
lenges that occur as they influence training outcomes.

Transdisciplinary training often involves a team ap-
proach with trainees, mentors, training program lead-
ers, and institutional leaders all central to the process.
It is helpful to explicate the factors that facilitate
teamwork and team effectiveness. In their contempo-
rary organizational psychology perspective, Kozlowski
and Ilgen** report that factors that relate to team
effectiveness are (1) cognitive processes (e.g., team
climate, team mental models, and transactive memory);
(2) motivational processes (e.g., cohesion, collective
efficacy, group potency); and (3) behavioral processes
(e.g., team competencies, functions, and regulatory
mechanisms).

Transdisciplinary training functions best when its
members capitalize on their own knowledge and exper-
tise, are cohesive and confident, have resources allo-
cated appropriately, and coordinate their collective
actions well.**?* Problems in training develop when the
team members do not have a shared strategic training
vision, get derailed from their central focus by conflict,
do not learn from their mistakes, and are not support-
ive of each other. The training team must also be able
to anticipate and adapt to the dynamics of the larger
multilevel organizational system in which it operates.*

Training programs at the University of Wisconsin
and at the University of California San Francisco take
into account multilevel organizational factors to create
an environment that is conducive to transdisciplinary
training.®*® Training in these programs is flexible and
provides access to a wide range of training opportuni-
ties (e.g., courses, seminars) and laboratory research
experience across many departments. For example, the
program at Wisconsin, directed by Davidson,® has grad-
uate students in psychology taking courses in neuro-
anatomy and neurophysiology in the medical school
and magnetic resonance physics in the department of
medical physics. The training faculty are collaborative
in their approach and come from departments with
very good interdepartmental relationships.
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Consistent with an organizational psychology frame-
work regarding work groups and teamwork, the discus-
sion that follows highlights factors that also relate to
transdisciplinary training effectiveness. Some of these
factors, termed antecedent factors by Stokols and col-
leagues,m’“’27’28 are pre-existing within individuals and
institutions. Other factors, termed intervening pro-
cesses, occur during the training. Figure 1 shows how
facilitating factors combine with challenges in transdis-
ciplinary training to influence training outcomes.

Individual-Level Factors

For trainees, mentors, and program directors, the
possession of the following characteristics will greatly
enhance training effectiveness.

Communication. Confusion and lack of clarity are in-
herent in the transdisciplinary training process. The
ability to communicate is an essential skill for transdis-
ciplinary trainees, mentors, and program directors.
Program directors and mentors who communicate
clearly with minimal technical jargon help the trainee
from becoming confused and frustrated. Understand-
able communication also facilitates the trainee’s ability
to learn the language of the unfamiliar discipline. The
trainee is responsible for seeking clarification at those
inevitable times when there is a lack of understanding.
Communicating openly and often is necessary for train-
ees, mentors, and directors to build all-important trust.

Trust. Trust, an essential ingredient in any close
working relationship, is especially critical in the
relationships among trainees, mentors, and directors
in transdisciplinary training programs. Considering
the professional risks assumed and the somewhat spec-
ulative nature of the programmatic research under-
taken, the trainee must willingly trust in the transdisci-
plinary training process and in the judgment of
mentors and program directors. Trust allows the
trainee to expose vulnerabilities associated with not
knowing, and to seek information about basic aspects of
a specific disciplinary approach. With trust, the trainee
is willing to leap into the disciplinary divide, wallow in
its uncertainty, and be guided by mentors down a
research and career path with an uncertain outcome.
The trainee’s trust of mentors cannot be blind; some
amount of savvy is needed in knowing the role of each
mentor and who and when to trust in navigating
multiple mentor relationships.

Characteristics consistent with the transdisciplinary
ethic. There are core characteristics involving attitudes
and behaviors that reflect an ethic that allows trainees,
mentors, and program directors to navigate the trans-
disciplinary research and training process.?!'%!%2227
The characteristics (Table 1) provide protection from
becoming parochial about a trainee’s primary disci-
pline and from regressing back to what is familiar. They
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Table 1. Characteristics consistent with the transdisciplinary
ethic

Openness and respect for different disciplinary approaches

Desire to work in collaborative teams involving multiple
disciplines

Broad-gauged contextual thinking

Interest in using multiple methodologic tools

Intellectual curiosity and willingness to take intellectual
risks

Tolerance for uncertainty

Self-assuredness and non-defensiveness when not knowing

Assertiveness in seeking clarification

Optimism, tenaciousness, and willingness to operate
without clear, immediate rewards

Ability to lead and foster mutual respect and trust in others

keep the trainee from becoming too discouraged when
confronting multiple challenges and when tangible
rewards are not immediately apparent. The character-
istics are important for learning to participate in and
lead collaborative teams.

Funding Agency and Training Institution-Level
Factors

Funding. Funding agencies are essential in dedicat-
ing dollars to transdisciplinary training for building
and maintaining a training infrastructure, supporting
trainee stipends, funding faculty to develop and imple-
ment specialized curricula, and evaluating program
effectiveness. The National Cancer Institute (NCI)’s
Cancer Education and Career Development Program
(NCI R25T) mechanism is an excellent example of
support for developing innovative transdisciplinary
training structures and curricula. Funders can be help-
ful by actively working with training directors to ensure
that the training does not regress to the confines of
individual disciplinary approaches.”

Training program leadership and institutional struc-
tures. The presence of an influential, strong, and
committed training director is critical to the success of
a transdisciplinary training program.®*'"'* The most
effective training directors are those who are well-
respected, trusted, and convincing in communicating a
shared vision to all stakeholders, including institutional
administrators, research faculty, mentors, and trainees.
Effective directors build and maintain the training
structures as well as manage the training processes.
Maintaining an awareness of the system dynamics and
implementing measures for problem prevention and
resolution are important in protecting the most vulner-
able training resource, the trainee.

Within the institution, designing physical space,
structuring academic operations, and creating incen-
tive structures for cross-disciplinary science are essential
for fostering cross-disciplinary learning and collabora-
tion.">'? Factors found to enhance science integra-
tion—and the likelihood of the serendipitous develop-
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ment of innovative ideas between trainees and
mentors—include proximity of research space among
collaborators, streamlined administrative arrange-
ments, and a history of collaborations between partic-
ipating departments that are closer in disciplinary
scope.' 1131527 It may be necessary to physically and
structurally separate research and training centers from
traditional departments instead of trying to overcome
the impediments to transdisciplinary training that exist
in traditionally structured institutions.'"® Davidson®
notes that at Wisconsin he has the advantage of having
the medical school and campus-based departments in
close proximity.

Intervening Processes During Training

Separate from the antecedents that are in place prior to
training, intervening processes during training can
help the trainee to feel respected, valued, and sup-
ported; keep the training process on course; and coun-
teract the natural tendencies to regress to the familiar
disciplinary approach.'®!!

Time. The availability of adequate time is necessary for
the transdisciplinary training structure and process to
develop.'”?” Time allows for effective communication
to occur, trusting relationships to build, different disci-
plinary languages to be understood and spoken, trans-
disciplinary values to develop, and theoretical knowl-
edge and methodologic skills in other disciplinary
approaches to be learned. One example of protecting
time for transdisciplinary training is the NCI Cancer
Prevention Fellowship Program’s providing scientists
release time from other duties so they can engage in
training activities for fellows.® A second example is the
NCI R25T funding mechanism, which provides partial
salary support for investigators to create innovative
transdisciplinary curricula. An initial investment in
time will enhance the quality of the outcomes and
eventually yield a savings of time once the transdisci-
plinary structure and processes are in place.

Defined research problem and an individualized train-
ing plan. Wallowing in uncertainty is inherent in the
transdisciplinary learning process. Guarding against
unnecessary wallowing is important so that the trainee
is able to avoid prolonged aimlessness and lack of
development. Two keys to ensuring progress toward
training goals are (1) focusing training on addressing a
specific research problem, rather than trying to indis-
criminately master all theoretical and methodologic
aspects of each disciplinary approach, and (2) main-
taining a reasonably limited disciplinary scope in
training.'*!%%?

A clearly defined research problem helps to anchor
the trainee’s programmatic research development and
the transdisciplinary training process. The research
problem also orients the training director, mentors,
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Table 2. Components of an individualized training plan

I. Trainee
II. Programmatic research objective
III. Mentoring team
A. Primary mentor
B. Secondary Mentor 1
C. Secondary Mentor 2
D. Advisor
IV. Competencies to attain
Transdisciplinary training and research process
Content knowledge (Discipline 1, Discipline 2,
Discipline 3)
Research methods (Discipline 1, Discipline 2,
Discipline 3)
Manuscript writing
Grantsmanship/grantwriting
. Research ethics
V. Methods to attain competencies
A. Didactics
1. Courses
2. Seminars
3. Journal clubs/brown bags
B. Mentored research experiences
1. Mentor projects
a. Primary mentor project (project aim, trainee
role)
b. Secondary Mentor 1 projects (project aim,
trainee role)
c. Secondary Mentor 2 projects (project aim,
trainee role)
2. Independent research projects (project aims,
trainee roles)

mEY 0 W

and trainee in developing an individualized training
plan. In defining the research problem and the disci-
plinary scope of training, the horizontal and vertical
disciplinary integrations should be complementary and
balanced.'™®” A trainee who is being trained across
disciplines that are too divergent can feel fragmented
and polarized, which intensifies the pull back into the
familiar disciplinary approach.27 If a trainee’s program
is too narrow in disciplinary focus, potential innovation
can be suppressed.'®

An individualized training plan can be used to map
the training process and content around the defined
research problem.?” Table 2 outlines the components
of an individualized training plan.

Mentoring structure and processes. In transdisci-
plinary training, students can benefit enormously from
the team-mentoring structure, with each mentor repre-
senting a different discipline.® Team mentoring pro-
vides a breadth of experience that is unattainable
through any single mentor. In team mentoring, each
mentor helps the trainee to learn the content and skills
of a particular disciplinary approach. In addition, each
mentor also has a responsibility to help the trainee shift
in and out of each discipline and work in the space
between the disciplines. A mentor within the trainee’s
primary discipline has the responsibility of helping the
trainee to move the beyond the discipline. A mentor in
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a complementary discipline has the responsibility of
ensuring that the trainee is receiving relevant and
sufficient coverage of that discipline’s approach.

Frequent meetings, both scheduled and impromptu,
are important. Regular meetings among members of
the mentoring team and training directors keep the
training process coordinated so that everyone works
toward the stated objectives in the training plan. In
situations where individuals involved in training lack
proximity, reliance on telecommunications and other
forms of electronic technologies helps to maintain as
much contact as possible. Kaplan at Wake Forest Uni-
versity and Manuck at the University of Pittsburgh5 do
not let being at different institutions impede their
communication. They take advantage of technologic
advances in communication to stay in regular contact
and to seamlessly exchange data and manuscripts. They
note that they probably spend as much time in contact
with each other as either does with his colleagues at the
same institution. There is no substitute, however, for
face-to-face contact.?®

Meta training about the transdisciplinary research and
training process. The training process can be explicit
in helping the trainee understand how to manage the
unique aspects and challenges of engaging in transdis-
ciplinary training. Training can include helping the
trainee to (1) understand the conceptual distinction of
transdisciplinary training; (2) learn how to manage the
obstacles and capitalize on the facilitators existing at
the institutional, program, and individual levels in
transdisciplinary training and research; (3) manage the
unique career-development challenges related to secur-
ing academic jobs, funding, publication, promotion,
and tenure; and (4) develop strategies to facilitate
shifting in and out of disciplinary frameworks and
working between frameworks that are paradigmatically
different. The program can help the trainee to know the
cultural and instructional styles of the different disciplines
and how well they intersect with the trainee’s own learn-
ing style. The knowledge and skills related to transdisci-
plinary training and research can best be developed
through a combination of formal didactics, research
experiences, and mentorship.

Future Directions

There is much written but little known empirically
about training across disciplines. There is an opportu-
nity to (1) develop a better understanding of the
operational distinctions of different integrative training
approaches, (2) empirically determine the effective
elements of transdisciplinary training models, (3) de-
fine the outcome metrics appropriate at different time
frames, and (4) create toolkits to help with training
process and administration.'*!!
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Table 3. Indications of transdisciplinary qualities in
scholarly products

Transdisciplinary scope of the research topic and its
conceptualization

Diversity of research methods used in the study

Contextual scope of the author’s conceptualization of the
research topic

Hypotheses generated that synthesize
theoreticaltheoreticalalal frameworks from different
disciplines

Levels of analysis bridged

Co-authors from different disciplines

Note: Adapted in part from Mitrany and Stokols'®

Making Operational Distinctions
Among Conceptually Different Forms
of Integrative Training

Multidisciplinary, interdisciplinary, and transdisci-
plinary training have different training objectives.
There is yet no clear articulation of how the various
training approaches differ in structures, methods, or
processes to achieve the different objectives. Nor is it
known what specific elements of training are critical to
the transdisciplinary trainee’s being able to synthesize
theoretical and methodologic aspects of different
disciplines.

Empirically Identifying the Effective Elements of
Transdisciplinary Training Models

There have been few empirical efforts that examine the
transdisciplinary training process and outcome.'"'*#*%
The development of theoretically based qualitative and
quantitative methodologic approaches is needed to iden-
tify (1) essential individual characteristics in trainees,
mentors, and program leaders; and (2) key institutional
qualities, training structures, and processes that relate to
training success.

Defining the Metrics and Time Frames of
Outcome

The ultimate determination of success will be the
eventual impact that trainees have as scientists who use
integrative theoretical perspectives and methodologic
approaches to improve the nation’s health. At present,
the more immediate focus can be on evaluations of the
quality, novelty, and scope of the disciplinary integra-
tion in the trainees’ work at different time points
during and following training.'”'"'>*! Figure 1 dis-
plays some of the outcomes that can be considered at
different time points. Outcome assessments can build
on the initial work of Stokols and Rosenfield.!"!” Table
3 lists criteria that can be considered indicators of
disciplinary integration. Also needed is the establish-
ment of other indicators of program effectiveness be-
yond trainee performance, such as the performances of
the mentors and the effectiveness of the program.
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Developing Training Toolkits

A greater empirical understanding of transdisciplinary
training processes and outcomes can help inform the
development of training toolkits."! Training toolkits
can contain materials to be used by training directors
for multiple purposes, including training and evalua-
tion. Examples of toolkits used for training purposes
include (1) helping the trainee to understand the
uniqueness, challenges, and the processes of transdis-
ciplinary training and research; (2) helping the trainee
to develop some of the essential transdisciplinary values
and skills competencies; and (3) guiding mentors in
training transdisciplinary scientists, especially mentors
who work with trainees outside their primary discipline.
Examples of toolkits used for evaluation purposes in-
clude (1) audits of training readiness to assess the
presence of transdisciplinary characteristics in prospec-
tive trainees,'! (2) audits of mentoring readiness for
potential mentors, and (3) assessment methods and
measures to monitor ongoing processes in transdisci-
plinary training and to evaluate outcomes. Toolkits
used for evaluation purposes will benefit from the
development of common definitions and standards of
what constitutes adequate evidence.

This is an exciting time in the evolution of science
and the training of scientists. Disciplinary integration is
increasingly called upon to address the complexities of
health problems. The integration of disciplinary re-
search creates new hybrid disciplines (e.g., genetic
epidemiology) and, in a reciprocal way, influences the
way disciplinary science is conducted. Today’s transdis-
ciplinary training has great potential to affect tomor-
row’s mentoring models in innovative ways. Now is the
time for the scientific community to take action to
better delineate the different integrative training ap-
proaches, identify their effective elements, and deter-
mine their long-term impact.

No financial disclosures were reported by the author of this
paper.
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The Social Determinants of Cancer
A Challenge for Transdisciplinary Science

Robert A. Hiatt, MD, PhD, Nancy Breen, PhD

Abstract:

To make further significant advances in cancer control research, a transdisciplinary science
approach is needed that integrates the study of the biological nature of cancer and its
clinical applications with the behavioral and social influences on cancer. More-effective
interventions to reduce the burden of cancer can be developed and implemented by the
adoption of a transdisciplinary research framework that takes into account the social
determinants of cancer and seeks to discover interactions among social, environmental,
behavioral, and biological factors in cancer etiology. This paper addresses two critical issues
in the science of team science: (1) a cross-disciplinary, multilevel framework for organizing
future research, and (2) a perspective that could aid in the translation and dissemination
of cancer research findings in health care and public health practice. This conceptual
framework is designed to encourage transdisciplinary research that will integrate social
determinants into cancer research. The authors’ goal is to promote a more complete
understanding of the causes of cancer that will lead to the improved translation and
implementation of the results of research.

(Am J Prev Med 2008;35(25):5141-S150) © 2008 American Journal of Preventive Medicine

Introduction

ancer is a group of diseases that impose a heavy

burden on the public health and pose a chal-

lenge to science. While the century-long trend
of increasing cancer mortality in this country was
reversed in the mid-1990s, cancer remains the second
leading cause of death,' the toll on human suffering is
profound, and its economic costs to society are substan-
tial.> Furthermore, cancer presents an intellectually
complex set of problems because of multiple sites and
causation, inadequately understood biology, and myr-
iad intervention strategies. Impressive progress has
been made against cancer, but not solely because of
new knowledge about its genetics and molecular biol-
ogy or new therapeutic approaches. Progress has also
followed in the footsteps of understanding the social
and behavioral determinants of cancer.

To make further significant advances in cancer con-
trol research, a transdisciplinary approach is needed
that integrates the study of the biological nature of
cancer and its clinical applications with the behavioral
and social influences on the disease. Cancer research is
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an example of how the complexities of modern science
require teams of investigators from many disciplines.”
Transdisciplinarity is a process in team science in which
members share conceptual and methodologic frame-
works to integrate concepts from their own disciplines
with those of other scientists to solve a particular
problem at hand; in doing so, they develop new con-
cepts and perspectives that go beyond their own disci-
plines.*™® It differs from a multidisciplinary approach
in which groups of scientists independently or sequen-
tially apply their own disciplinary perspectives to a
problem, and from an interdisciplinary approach in
which scientists are integrated as a team but still work
independently from their own disciplinary perspectives.
The unexpected and novel insights generated by trans-
disciplinary science come from a truly integrated team
approach in which scientists are willing to hold their
own knowledge lightly and to seek new perspectives
from interaction with others. Examples of successful
transdisciplinary science can be found in the fields of
bioengineering, environmental economics, space sci-
ence, meteorology, and others.™!'! It can be argued
that taking a cells-to-society approach in cancer control
science means that more-effective interventions can be
developed and implemented to reduce the burden of
cancer. To accomplish this, the perspective advanced
by the IOM and others that uses a socioecologic model
is supported by the authors.>'?

The socioecologic model or perspective implies re-
ciprocal causation between the individual and the
environment that essentially defines interactive ef-
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various levels (from cells to

society). The goal of trans-
disciplinary science is to
yield a detailed and vivid
snapshot of the impact of
the web of causation and to
rationalize interventions at
various critical points in the resulting picture.

The authors’ definition of social determinants en-
compasses social and economic conditions such as
poverty, the conditions of work and healthcare delivery;
the chemical toxicants and pollutants associated with
industrial development; and the positive aspects of
human settlements that make active living and healthy
eating possible. The socioecologic model incorporates
and augments discoveries in cancer biology and clinical
oncology, in addition to those from the social sciences.
A key question in cancer research is why social deter-
minants are important: Is it because of their indirect
effects through individual risk factors or behaviors, like
smoking; because they interact with genetic and other
biological factors (e.g., gene—environment interac-
tions); because they are direct and irreducible causes of
illness regardless of intervening variables®'”; or be-
cause of all these reasons? Krieger'® has recently pro-
posed the banishment of the terms proximal and distal
to emphasize the importance of avoiding linear causal
thinking and to consider how social determinants
might act across non-adjacent levels.

Two critical issues in the science of team science are
addressed in this paper”: (1) a cross-disciplinary, mul-
tilevel framework for organizing future research, and
(2) a perspective that could aid in the translation and
dissemination of cancer research findings in health
care and public health practice.>* This conceptual
framework (Figure 1) is designed to encourage trans-
disciplinary research that will integrate social determi-

$142 American Journal of Preventive Medicine, Volume 35, Number 2S

Figure 1. Social determinants of cancer. Framework illustrates how social determinants relate
to other levels of analysis and types of interventions along the cancer continuum. Healthcare
systems are less likely to influence cancer incidence than mortality and are lightly shaded in
the preclinical phase of the continuum.

nants into cancer research. The goal is to promote a
more complete understanding of the causes of cancer,
leading to the improved translation and implementa-
tion of research results.

Framework

This framework is designed to aid in conceptualizing
how social determinants interact with other factors in
the etiology of cancer and to capture changes over
time. It begins with the cancer continuum,'? adds levels
of analysis,””™®* and considers the impact of interven-
tions along the continuum.*>** It draws on the grid
elaborated by Krieger®” to distinguish domains of social
inequality across the cancer continuum. Throughout,
the need is stressed for a transdisciplinary approach to
bring these concepts together. This framework invites
researchers from all disciplines to engage in cancer
research within the context of its social determinants as
part of the “bold experiment” of transdisciplinary
research.”

The Cancer Continuum

The cancer continuum forms the horizontal axis for
the framework and illustrates the course of cancer from
disease-free through preclinical early cancer to diagno-
sis, to survivorship, and to end-of-life and death.'® Each
phase is influenced by different factors in the social
environment, and together they incorporate a life-
course approach. Different disciplines usually focus on
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different stages of this continuum, but the authors
contend that a transdisciplinary approach that consid-
ers and integrates research questions and findings all
along this continuum and over the life course could
yield more valuable scientific outcomes.

Multiple Levels of Analysis

The concept of levels of analysis used by Anderson?’

forms the basis for elucidating social factors that influ-
ence cancer incidence and mortality. A healthcare
level®® influenced by social forces and critical to cancer
outcomes has been added. Multiple additional levels
could be introduced into this framework (as has been
done in other models®”) as they are needed to high-
light specific research approaches or pathways (e.g., the
physical environment). For simplicity, four levels have
been selected. First, the focus is on broad social condi-
tions and policies; second, on the impact of healthcare
systems; third, on behavioral and psychological factors;
and finally, on the biological mechanisms of carcino-
genesis. Interventions to reduce disparities and the
burden of disease may be introduced at any of these
levels.

Although this framework represents these relation-
ships as a simple, linear process, they are neither simple
nor linear.’® Complex, multidirectional interactions
link biological, clinical, and broader social influences
into a web of causation.'®'® For example, biological
factors can influence behavior and generate a need for
healthcare interventions. Also, policies and legislation
concerning coverage for health care can shape individ-
ual behaviors and the use of clinical services. This
complex, multidirectional interaction of social determi-
nants with other levels challenges researchers working
in all areas of cancer investigation to consider the
specific pathways and mechanisms that might link their
results to fundamental causes. Because cancer involves
the complete spectrum of scientific endeavor from
genes to society, a transdisciplinary research perspec-
tive may be the best approach for understanding the
complex, multilevel causal mechanisms and pathways
needed to inform cancer control interventions and
policies.

Social Determinants

Social determinants have been called the fundamental
causes of health and disease,?! and this is how the term
is used here. They are also characterized as the upstream
or distal social, environmental, economic, and cultural
factors that shape or determine individual and group
behavior.??7* In the framework, social determinants
include the physical and built environment that are
part of or the result of human activity. Krieger®
enumerated the key social determinants of cancer in
her grid. Others also have discussed how fundamental
causes and upstream events influence population
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health.*>*~37 Although associations between social de-

terminants and population health outcomes may some-
times appear self-evident, few causal relations have
been rigorously established.

Understanding how resources and forms of dis-
crimination are distributed in the population is key
to understanding fundamental causes. Common mea-
sures of socioeconomic resource distribution include
occupation, income, wealth, poverty, debt, employment
status, education, and health-insurance coverage. Dis-
crimination occurs on the basis of race, gender, age,
sexual orientation, and other factors. These distribu-
tions can be measured at various levels (e.g., individual,
community, county, state, national). Clearly these fun-
damental causes affect a broad range of health out-
comes (e.g., cardiovascular diseases, diabetes, cancer),
and a strong case has been made for shifting from the
traditional NIH disease-specific approach to an ap-
proach that considers the multiple outcomes of com-
mon causes.” Yet much can be learned by focusing on
a particular disease as long as researchers recognize
that the social determinants of that disease may have
other downstream health consequences.

Examining the distributions of social determinants at
various levels across the cancer continuum exposes
nonrandom patterns of cancerrelated behaviors and
outcomes among groups or individuals that may inform
key biological mechanisms or be influenced by them.”
The transdisciplinary research task is complex, and will
require teams of scientists willing both to teach aspects
of their disciplines to scientists in other fields and to
engage in the painstaking task of formulating new
conceptual models more appropriate to the problem.
However, such a transdisciplinary approach may be just
what is needed to realize cancer control objectives, such
as those in Healthy People 2010.%%*°

The Role of the Healthcare System in Cancer
Incidence and Mortality

The relative importance of health care versus social-
level factors has been hotly debated in the population
health literature.*>*"** A challenge for cancer control
research is to clearly distinguish outcomes that are due
to deficiencies in healthcare delivery from those exter-
nal to it, so that interventions can be appropriately
targeted. Although it might not be the case in an ideal
health system in which due attention is paid to preven-
tion as well as clinical services, in current-day practice
the evolution of cancer is less likely to be influenced by
health care prior to screening and clinical diagnosis
than it is later in the cancer continuum. Cancer has a
preclinical phase that begins when cancer can be
prevented and extends through its initiation until
detection. During the preclinical phase, access to
health care can affect the progression of cancers for
which early-detection procedures are available (i.e.,
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breast, cervix, colon, prostate), but overall this access is
less likely to influence cancer incidence (and is thus
lightly shaded for emphasis in the framework).17 To
understand social gradients and racial and ethnic ine-
qualities in incidence, the broader social determinants
of cancer—beyond the usual scope of medical care—
must be explored.

Cancers, Not Cancer

A critical point is that cancer is actually many different
diseases with different etiologies. The social environ-
ment may affect these different types of cancer in
different ways. Cancer registries currently report ap-
proximately 80 types of malignant neoplasm, and de-
fine them by their location and cell types.** However,
four sites account for approximately one half of all
cancer incidence: Breast (15%); prostate (17%); lung
(18%); and colon (8%) cancers accounted for 52% of
all estimated new cancer diagnoses in 2006.** The
concentration of cancer incidence among these four
sites provides an opportunity for site-specific inquiry
into the social determinants of cancer. For example,
lung cancer mortality is strongly associated with to-
bacco use and social policies. Breast and colon cancer
mortality is shaped by the distribution of screening in
the population. Even though breast cancer incidence is
more common in higher-SES women, mortality is
higher among lower-SES women.**® There are also
important differences in incidence by race and ethnic-
ity in different cancer sites. While Vietnamese and
Hispanic women have some of the lowest rates of breast
cancer incidence, they have the highest rates of cervical
cancer incidence.”” Thus, cancer offers some para-
doxes and evokes research questions that may shed
light on the various ways that social determinants affect
cancer outcomes.

Measuring Disparities in Cancer Incidence
and Outcomes
Cancer Registries

Cancer is unique among the chronic diseases in having
long-standing population-based registries. Since the
early 1970s, cancer registries have abstracted medical
records, pathology, surgery, hospital, and outpatient
clinic records on cancer incidence, survival, and mor-
tality."” Registry data have been the main source of
questions raised about cancer—health disparities. How-
ever, registries have lacked the data necessary to fully
answer these questions on the SES of cancer cases.
The first linkage between surveillance, epidemiology,
and end result (SEER) registry data and areal SES data
was published in 1980.*® Currently, SEER registry cases
are routinely geocoded and linked to county-level cen-
sus data on SES (seer.cancer.gov/seerstat/variables/
countyattribs/). Areal socioeconomic data can supply a
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proxy for individual SES or provide information about
the context in which an individual resides, such as
neighborhood or county characteristics.”*>**°  Ad-
vances in information technology, linkage methods,
and improved data systems can deliver tools to improve
the value of cancer registration to understanding social
determinants within the context of a transdisciplinary
approach to cancer research®'; however, political ac-
tion will be needed to actualize that potential.

Socioeconomic Gradients in Cancer

Socioeconomic gradients in health and mortality are
well-documented, although this relationship for cancer
does not appear to be as strong as for cardiovascular
disease.”® ™" Analyses of linked cancer registry and
county-level census data have been used to document
gradients and disparities for mortality, survival, and
incidence.”” Linked databases have also allowed re-
searchers to examine the effect of SES factors on
individuals in the contexts in which they live and
work,”®*7 by cancer stage,?? and for other diseases.”®
At the population level, if socioeconomic gradients
in cancer incidence and outcomes persist after adjust-
ing for known risk factors (e.g., tobacco use and other
risky behaviors) and for screening, that finding would
provide empirical support for the value of seeking
direct biological pathways between the adverse condi-
tions associated with lower SES and cancer. A recent
study compared health outcomes for which prevention
and therapeutic interventions are available to outcomes
for which they are not, and found stronger SES gradi-
ents for outcomes with proven interventions.'” The
authors concluded that the underlying fundamental
cause has to do with the set of resources widely accessed
by people with higher SES, although this explanation
continues to be debated, as discussed in the next
section. Nevertheless, the broad range of the social
determinants of cancer underscores the need for trans-
disciplinary studies to parse out the roles that biology,
individual behaviors, and social determinants play in
shaping SES gradients in specific cancer sites.>”!

Multilevel Influence of Social Determinants
on Cancer

Observed disparities in cancer mortality, survival, and
incidence have motivated the study of social-level influ-
ences on the etiology of cancer. The development of
social epidemiology within the field of epidemiology
opened the way for multilevel analysis in cancer con-
trol. The overall framework proposed in Figure 1 is
designed to encourage thinking about how different
disciplines can contribute to solving the challenge of
cancer—health disparities. Traditionally, population
health and social factors have been the focus of epide-
miologists, sociologists, economists, anthropologists,
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political scientists, and systems theorists. Health care
has been the purview of health services researchers,
economists, behavioral and communications scientists,
and clinicians. Individual human behaviors or risk
factors that mediate health have been the realm of
psychologists and behavioral scientists. The basic sci-
ence disciplines of genetics, cell biology, immunology,
and biochemistry have elucidated biological pathways
and mechanisms. The task is finding ways to bring
together two or more of these levels. Few biologists, for
example, have yet addressed questions concerning how
social factors “get under the skin” and result in cancer.

Social level. An active area of research is the influ-
ence of broad upstream factors on the political
economy.”?*% As noted already, making causal links
with disease is most difficult at the level of fundamental
causes. Ecosocial theory offers a useful conceptual
model for linking fundamental causes and individual
health, especially when combined with the core con-
cept of “embodiment” that holds that bodies absorb,
process, and reflect the conditions of human existence
because people are both biological organisms and
social beings.®!

Many studies of broad social forces have raised
concerns about the unhealthy side effects of produc-
tion for profit. For example, the use of chemical
fertilizers to improve yields of food may lead to envi-
ronmental contamination with potentially carcinogenic
agents.”? Highly caloric processed foods are profitable
but have little nutritional value.®*~%® In short, substan-
tial health costs are associated with food production in
the U.S.%” The recognition of these unmeasured costs
(as well as those incurred from natural-resource deple-
tion) has led some economists to suggest that the
sustainability and quality of life should be evaluated
when the value of production is computed.®® Much as
ecosocial theory offers a new perspective for epidemi-
ology, these economists have created a new approach to
economics called ecologic economics, which addresses the
interdependence and co-evolution between human
economies and natural ecosystems. Many ecologic
economists refer to this new field as a transdiscipline
rather than a conventional discipline.®”"”

Both the physical and built aspects of the environ-
ment influence cancer outcomes.”’ The physical envi-
ronment influences both behavior and biology, and
may help explain some observed trends and disparities
in cancer incidence and outcomes. For example, mi-
norities and lower-income groups face higher levels of
exposure to environmental hazards, including indus-
trial facilities, waste-treatment sites, or waste-disposal
sites.”> The effect of environmental risk factors on
cancer in humans is hard to assess, especially because
few data on carcinogens are available and specific
long-term exposures on individuals and populations
are not monitored.”® The unequal distribution of envi-
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ronmental hazards has spawned an environmental jus-
tice movement’* as well as discussion and debate on
how to best measure and evaluate the impact of envi-
ronmental hazards.”

The important policy issues that this social-level
research has generated involve trade-offs between pub-
lic health and economic profitability. Policy solutions
require expertise from urban planning, engineering,
law, economics, political science, and the biomedical
disciplines as well as informed community input. Polit-
ical decisions and economic incentives shape the built
environment through zoning, construction investment,
pollution limitations, available park and recreation
areas, and the effectiveness of policing. The built
environment, in turn, shapes community choices rele-
vant to health, including cancer. For example, side-
walks or paths that lead to safe and desirable destina-
tions for walking and cycling can increase physical
activity.”® Physical activity, in turn, is significantly
associated with reduced colon-cancer mortality,””"®
and is indirectly associated with lower mortality for
many other cancers through reducing overweight and
obesity.

Some groups, including those who are poor, black,
Hispanic, or Native American, are more likely to expe-
rience overweight and obesity than the general public.
They are also likely to reside where physical activity is
more difficult, fruits and vegetables are less accessible,
and tobacco and alcohol are prevalent.”~8! In this way,
residential segregation is another fundamental cause of
racial disparities in health.®?

Healthcare-delivery level. The impact of health care on
cancer is related to insurance coverage, quality of care,
and timely access to that care. Insurance, the financing
mechanism used to pay for most health care in the U.S.,
may be the most important factor shaping health
disparities.®® Even after adjusting for sociodemograph-
ics, risk factors, morbidity, and self-rated health, the
lack of health insurance is still linked to higher mortal-
ity.** Between 2000 and 2005, health insurance premi-
ums grew by 73% (compared with cumulative inflation
of approximately 14% and cumulative wage growth of
15%), and the percentage of employers offering health
benefits fell from 69% to 60%.* From January through
September 2006, 43.8 million people of all ages
(16.9%) were uninsured,®® and coverage rates varied
substantially by race, ethnicity, and socioeconomic po-
sition. However, most cancer occurs in people aged
=65 years, and only 7% of the individuals facing a new
diagnosis of cancer were uninsured (approximately
86,000 in 1997).1

Although most people in the U.S. eventually obtain
the necessary medical treatment, some do not receive it
in a timely manner.®”® Without insurance coverage
and a system to provide continuous care, patients must
negotiate and pay for each step in their health care.
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The President’s Cancer Panel** has documented barri-
ers to care that include elements inherent in the system
(e.g., fragmentation of care); finances (e.g., lack of
insurance or underinsurance); and physical environ-
ment (e.g., excessive distance from or physical barriers
to accessing treatment facilities) as well as information
and education barriers (both provider- and patient-
related) and issues of cultural insensitivity and bias.**

Even with equal access, there is no guarantee of
equal quality or use of services. Poor transportation, the
lack of sick leave and time-off from work, and the need
to supply child- and elder-care may pose insurmount-
able barriers to the optimal use of health care for
people of low income and education.®~? Persistent
racial, ethnic, and age differences in the receipt of
primary therapy, conservative therapy, and adjuvant
therapy provide indirect evidence of racial, ethnic, and
age bias in access.””® Improving the quality of care for
cancer patients of all sociocultural backgrounds will
require a major restructuring of the delivery of cancer
care and the continuous monitoring of quality improve-
ment and accountability.*'

Behavioral /psychological level. Behaviors are often
the mediating steps between social determinants and
cancer outcomes. Behaviors long-recognized as impor-
tant contributors to cancer include tobacco and alcohol
use, poor diet, physical inactivity, high-risk reproduc-
tive behavior, and occupational hazards.”” The mecha-
nisms linking social-level factors, individual behaviors,
and biology with cancer incidence and mortality are
reasonably well-understood for tobacco, and the trans-
disciplinary research being conducted in tobacco con-
trol can serve as a model of how such research could be
conducted for other cancer sites.”® However, transdis-
ciplinary research is still needed to elucidate the path-
ways and relationships of causation for those other sites.

Linkages between individual behaviors and funda-
mental causes have been posited, but the ability to dem-
onstrate causation has been limited by cross-sectional
data and linear statistical methods. Risk regulators, the
range of intermediate factors that constrain or promote
individual choice, have been posited as conceptual
bridges linking fundamental causes and individual be-
haviors.” The concept of risk regulators locates indi-
vidual choices within the broader social context of
fundamental causes in order to provide testable hy-
potheses of association for multilevel transdisciplinary
empirical research.

Individual behavior related to tobacco is intimately
tied to the social context; social-level interventions to
control tobacco are more effective than approaches
addressing individual behavior.'*~'°* Much of the suc-
cess of tobacco-control efforts has come from changes
in social policies such as federal excise taxes, workplace
bans on smoking, media campaigns, clean-indoor-air
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policies, and the enforcement of restrictions on to-
bacco use by minors.'?*!%*

Tobacco-control research is probably the best cur-
rent model for effective transdisciplinary science, as it
has grown from a focus on individual human behavior
to include the understanding of the genetics of tobacco
addiction, the distribution of smoking habits in the
population, and how these complex relationships are
affected by social policy.'” Stokols and colleagues'’®
evaluated the collaborative processes and the scientific
and public-policy outcomes of the transdisciplinary
approach used in one large tobacco control effort
funded by the National Cancer Institute (NCI), and
concluded that there was “progress toward intellectual
integration” over the course of the initiative. However,
methodologic challenges remain regarding how to
evaluate large-scale science. A special supplement to
Nicotine and Tobacco Research laid out in detail the vision
for a transdisciplinary research strategy in tobacco
control and how it was modeled, implemented, and
evaluated.'”’

Other cancer outcomes await this depth of transdis-
ciplinary scrutiny. Fruit and vegetable consumption
may prevent cancer, but adherence to dietary guide-
lines for this consumption differs in the U.S. by race
and SES.%* A lack of exercise, poor diet, and obesity are
associated with lower SES. A sedentary lifestyle is
strongly related to lower income in every race and
ethnic group and both genders.'”® Good evidence
directly associates the lack of physical activity with
cancers of the colorectum and prostate—and possibly
breast cancer.'” The Western diet staples of red meat
and animal fat contribute to heart disease and cancer,
especially colon cancer.''” Overweight and obesity, also
linked to certain cancers,''" increased markedly in the
U.S. for both children and adults between 1976 and
1980, and between 1988 and 1994,''* and it seems clear
that current diet and physical activity behaviors, as well
as the practices of the food-marketing of industry in the
U.S., promote obesity.®**>!!? Differential uses of
health services are key factors in outcomes related to
these cancers, as discussed above.

Early-detection practices, a proven approach for sec-
ondary prevention for several cancer sites, are heavily
dependent on the behaviors of individuals and provid-
ers. Screening and early detection, followed by timely
treatment, increase survival for cervical, breast, colorec-
tal, and possibly prostate cancers. Here again, the social
context of healthcare access, quality, and price is criti-
cal, and the strongest predictors for the use of cancer
screening are consistent health-insurance coverage and
a consistent source of care.''* Contractions in the
economy and unemployment have been linked to a
lessened likelihood that women, especially African-
American women, will be diagnosed at an early stage of
breast cancer, due to either less use of screening or less
willingness to seek medical care for possible symptoms
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of cancer.''” Understanding both the web of causation
and a means to equalize access to cancer screening

poses challenges for transdisciplinary science.?”

Biological level. Finally, transdisciplinary cancer re-
search should assist the understanding of how the
social context influences biological pathways in cancer.
Only a small percentage (estimated at less than 5%) of
cancers are currently attributable to inherited genetic
susceptibility.''® However, common genetic polymor-
phisms and epigenetic characteristics interact with or
are influenced by the social environment, making it
clear that a better understanding is needed of how the
social context affects cancer biology."'”!'® At least two
pathways have been proposed: (1) psychological stress
linked to down-regulation in the immune system''?~'2!
and (2) distress interfering with DNA repair and apo-
ptosis,'**'* but there are likely many others yet to be
described. For example, the population health concept
of weathering, proposed to explain premature morbidity
among African-American women,'** is consistent with
biological findings'*® and provides an example of
embodiment."*

Theories that seek to explain how social forces affect
the overall disease burden and yield inequalities in
health outcomes tend to focus on either material
conditions or psychosocial mechanisms.'*® Proponents
of material conditions hold that social factors, ranging
from advertising to income distribution, have an indi-
rect effect on cancer through behaviors such as tobacco
use, dietary choices, Internet use, access to cancer-
screening resources, and the ability to choose where to
live and work. These social factors are reflected in the
nonrandom distribution of cancer incidence. Propo-
nents of the psychosocial theory focus on how adverse
social conditions work directly through physiologic
pathways in the endocrine or immunologic systems to
cause stress and disease.'?”'?® These two types of
theories are not mutually exclusive, and need to be
pursued and linked to increase the nascent understand-
ing of how social determinants of cancer “get under the
skin.” As mentioned above, Glass and McAtee® have
begun this effort by conceptualizing risk regulators that
mediate upstream factors and associate them with the
biological pathways leading to cancer outcomes. Sci-
ence is only beginning to explore the causal links
between biological mechanisms and social determi-
nants or fundamental causes, and more needs to be
done. Perhaps most clearly of all, this challenge lends
itself to a transdisciplinary approach.

Implications for Cancer Prevention and Control

A framework has been presented here for a transdisci-
plinary science approach to cancer control that will
reveal the causal links between biology and the social
determinants of cancer. Identified were the main end-
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points available from cancer registries (i.e., incidence,
survival, and mortality) and the value of examining
social gradients in cancer outcomes. Multiple levels of
analysis are needed to understand the diverse pathways
and mechanisms behind these gradients and to deter-
mine how they are linked to the social environment;
healthcare delivery; and behavioral, psychological, and
biological levels in order to fashion more effective
interventions. Interventions focused on changing indi-
vidual behaviors in isolation have not proven adequate.
Social policies to control tobacco use have been effec-
tive, and it may be time to consider other interventions
at the social level, such as policies that will promote a
sustainable economy, environmental justice, and the
equalization of resource distribution, including health-
care access. Such an approach is consistent with na-
tional and international efforts aimed at modifying the
social determinants of health.'*>'*” The data available
from current registry systems, surveys, and administra-
tive records describe the range of biological, clinical,
and social influences among different cancer sites.
Especially when linked, they present rich opportunities
for multilevel, transdisciplinary research all along the
cancer continuum. Because of increased interest in
population health, in transdiscriplinary initiatives, and
in eliminating health disparities, the time is ripe for
transdisciplinary research and training.®'*!'%*
Substantial government and foundation support is
now being directed toward these goals by the Robert
Wood Johnson Foundation Health & Society Scholars
Program,'”® the NIH Strategic Research Plan to Reduce
and Ultimately Eliminate Health Disparities,'** the
2009 Nation’s Investment in Cancer Research Plan,'®®
the Centers for Population Health and Health Dispar-
ities,"”*® the Transdisciplinary Tobacco Use Research
Centers,137 NCI Centers of Excellence in Cancer Com-
munication Research,'®® and the Transdisciplinary Re-
search on Energetics and Cancer Centers.'* It is hoped
that readers will find this conceptual framework a
useful beginning for taking advantage of these and
other opportunities to further the development of
transdisciplinary cancer control science.

The authors would like to thank Penny Randall-Levy, Scien-
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Methodologic Contributions

Measuring Collaboration and Transdisciplinary
Integration in Team Science

Louise C. Masse, PhD, Richard P. Moser, PhD, Daniel Stokols, PhD, Brandie K. Taylor, MA,
Stephen E. Marcus, PhD, Glen D. Morgan, PhD, Kara L. Hall, PhD, Robert T. Croyle, PhD,
William M. Trochim, PhD

Purpose:

Methods:

Results:

Conclusions:

As the science of team science evolves, the development of measures that assess important
processes related to working in transdisciplinary teams is critical. Therefore, the purpose of
this paper is to present the psychometric properties of scales measuring collaborative
processes and transdisciplinary integration.

Two hundred-sixteen researchers and research staff participating in the Transdisciplinary
Tobacco Use Research Centers (TTURC) Initiative completed the TTURC researcher
survey. Confirmatory-factor analyses were used to verify the hypothesized factor structures.
Descriptive data pertinent to these scales and their associations with other constructs were
included to further examine the properties of the scales.

Overall, the hypothesized-factor structures, with some minor modifications, were validated.
A total of four scales were developed, three to assess collaborative processes (satisfaction
with the collaboration, impact of collaboration, trust and respect) and one to assess
transdisciplinary integration. All scales were found to have adequate internal consistency
(i.e., Cronbach «’s were all >0.70); were correlated with intermediate markers of
collaborations (e.g., the collaboration and transdisciplinary-integration scales were posi-
tively associated with the perception of a center’s making good progress in creating new
methods, new science and models, and new interventions); and showed some ability to
detect group differences.

This paper provides valid tools that can be utilized to examine the underlying processes of
team science—an important step toward advancing the science of team science.
(Am J Prev Med 2008;35(25):5S151-S160) © 2008 American Journal of Preventive Medicine

Background

everal studies'™* have documented that, since the
mid-1950s, the natural, behavioral, and social
sciences have made a pronounced shift from
individually oriented research toward team-based scien-
tific initiatives. This trend toward greater teamwork in
science is paralleled by a growing emphasis on cross-
disciplinary approaches to research and training.””
Substantial investments by government agencies and
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private foundations in cross-disciplinary centers and
teams have triggered a lively debate about the relative
merits of individual-versus-team—based models of re-
search and the emergence of a new area of program
evaluation research, namely, the science of team sci-
ence.®™! Evaluations of team science initiatives aim to
identify, measure, and understand the processes and
outcomes of large-scale research collaborations. Given
the substantial amount of federal and private resources
that have been allocated to establish and maintain team
science initiatives, it is essential that concerted efforts
be made to evaluate both their near-, mid-, and longer-
term collaborative processes and outcomes.'*'*

The science-of-team-science field is at a relative early
stage in its development and can benefit from the
development of psychometrically valid and reliable
measures of collaborative processes, especially those
involving cross-disciplinary synergy and integration. As
these initial collaborative processes may be integrally
linked to the achievement of subsequent and far-
reaching benefits to science and society, it is important
to develop reliable and valid measures of these con-
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structs early-on as a basis for
evaluating their influence on
the cumulative contributions
of a team initiative over a
longer period.

Findings are presented
here from an early-stage
evaluation of the National
Cancer Institute’s (NCI)
Transdisciplinary Tobacco
Use Research Centers
(TTURC) initiative.'® The
overall goals of the study
were (1) to create and vali-
date new methods and
metrics for assessing cross-
disciplinary collaboration
and transdisciplinary inte-
gration within the context

Transdisciplinary
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ﬁ Communication }—
—+ Publications F—LEU#
implications
Health
outcomes
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Methods
Health

impacts

Collaboration
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Translation
to practice

Science and
models
Scientific
integration

Transdisciplinary
integration

of the TTURC initiative,
and (2) to develop and pre-
liminarily assess a concep-

Immediate markers

Intermediate markers Long-term outcomes

tual logic model linking the
sequential phases, pro-
cesses, and outcomes associ-
ated with large team science
initiatives more generally.
The TTURC program'® is one of four large-scale,
cross-disciplinary initiatives organized and funded
since 1999 by the Division of Cancer Control and
Population Sciences within NCL.* Currently, the total
NIH investment into those four initiatives (TTURC,
the Centers of Excellence in Cancer Communica-
tions Research, the Centers for Population Health
and Health Disparities, and the Transdisciplinary Re-
search on Energetics and Cancer centers) that address
both basic and applied research in cancer control is
approximately $286 million.'>'®"

Conceptual Foundations of the TTURC Initiative
Evaluation Study

The TTURC initiative is rooted in Rosenfield’s conceptu-
alization of transdisciplinary scientific collaboration.'?*
Rosenfield describes a continuum of collaborative re-
search ranging from unidisciplinary and multidisciplinary to
interdisciplinary and transdisciplinary approaches. Accord-
ing to Rosenfield, transdisciplinary collaborations (com-
pared to multidisciplinary and interdisciplinary forms

*The first 5-year phase of the TTURC initiative was a $70-million
program funded by NCI and the National Institute of Drug Abuse
(NIDA); it supported seven research centers between 1999 and 2004.
The Robert Wood Johnson Foundation committed an additional $14
million over 5 years to complement NCI's and NIDA’s commitment.
The TTURC initiative was renewed by NIH in 2004 and is currently in
its second b-year funding cycle.

"The $286-million figure is expected to rise substantially as the
various initiatives move into their second 5-year funding cycles.
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Figure 1. Logic model for the TTURC evaluation that guided the development of the
researcher-survey items showing inter-relationships among constructs divided into expected
temporal-outcome groups

of cross-disciplinary research) lead to the development
of shared conceptual frameworks that not only inte-
grate but also transcend the individual disciplinary
perspectives represented by various members of the
research team. These transdisciplinary conceptual
frameworks, integrating the concepts and methods drawn
from multiple disciplines and analytic levels, have the
greatest potential to generate truly novel scientific and
societal advances—reflected, for example, in a more
comprehensive understanding of nicotine-addiction pro-
cesses, the development of more-powerful smoking pre-
vention strategies, and a substantial reduction of tobacco-
related disease and mortality in the population."**

As a basis for understanding the conceptual and
empirical links among cross-disciplinary collaboration,
transdisciplinary integration, and the more distal scien-
tific achievements and health outcomes generated by
the TTURC initiative, Trochim and colleagues™ devel-
oped a comprehensive logic model to evaluate large
initiatives (ELI). TTURC investigators, funders, and
other stakeholders (staff and scientific consultants) first
completed a web-based concept-mapping exercise for
the purpose of deriving key constructs associated with
effective transdisciplinary-team initiatives and under-
standing the temporal relationships among the differ-
ent constructs. They later developed a researcher sur-
vey that was designed to assess key components of the
ELI logic model. The logic model (Figure 1) incorpo-
rates five general clusters: collaboration, communica-
tion, professional validation, scientific integration, and
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health impacts. The collaboration cluster subsumes the
dimensions of training, collaboration, and transdisci-
plinary integration. These constructs serve as proximal,
or early-stage, markers of team effectiveness during the
initial phase of the TTURC initiative. To the extent that
the TTURGC:S are effective over the course of their initial
and later phases, the levels of intellectual collaboration
and transdisciplinary integration will be higher at the
outset, thereby prompting changes in investigators’
methods and models. Those methodologic and concep-
tual changes, in turn, enable translations of transdisci-
plinary knowledge into new health promotion interven-
tions, policy innovations, and improved health outcomes.
This hypothesized sequence of changes is ultimately ex-
pected to facilitate greater recognition of the value of
transdisciplinary science and the broad-based adoption
or institutionalization of transdisciplinary approaches
to tobacco-use research.*® Operationalizing the con-
structs included in the ELI logic model is an important
starting point for evaluating the potential benefits of
transdisciplinary research and is the focus of this paper.

The findings reported below focus on two major com-
ponents of the ELI logic model, namely, the collaboration
and transdisciplinary-integration constructs. Although the
effectiveness of collaborative teams has been studied
extensively in nonscientific venues, the measures em-
ployed in those contexts often do not generalize readily to
scientific settings.**™2° Therefore, some major purposes
of this paper are to examine the factorial validity and
internal consistency of three collaboration scales and one
transdisciplinary-integration scale that were developed in
the context of the TTURC initiative as well as to evaluate
their associations with other constructs included in the
ELI logic model (Figure 1).

Methods
Participants

Participants consisted of all TTURC investigators (principal
investigators, co-investigators, project directors, research as-
sociates, and scientists); research staff; and trainees who were
identified by each center’s principal investigator as eligible
respondents for the researcher survey. As part of the TTURC
evaluation, each principal investigator completed a center
survey, which provided a quick profile of the center and the
number of staff who would be eligible to complete the
researcher survey. Among the seven TTURCs, there were 234
eligible respondents (N=234); 216 completed the researcher
survey, for an overall 92% response rate.

Data-Collection Protocol

The data were collected in the context of a program evalua-
tion during the third year of the initiative. The TTURC
principal investigators were primarily responsible for identi-
fying someone who would serve as the point of contact for
distributing the survey and reminding eligible respondents to
complete it. The researchers and research staff were asked to
complete the survey and mail it back in a self-addressed
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pre-paid envelope to the data processing center. To increase
compliance, the data processing center compiled on a
weekly basis the total number of Researcher Surveys re-
ceived by each Center. The contact person received an
anonymized update on their center’s response rates, as well
as response rates of the other centers (anonymized as well).
The contact person was asked to send reminders to their
colleagues and research staff to ensure an adequate re-
sponse rate to the survey. At all times, the contact person or
anyone involved were never aware of who responded to the
Researcher Survey. Although the PIs, researchers, and
research staff were encouraged to fill out the survey, their
participation was completely voluntary.

TTURC Researcher Survey Development

The TTURC Researcher Survey is a 12-page instrument that
included indices and scales that represented all the dimen-
sions assessed by the ELI logic model (Figure 1). Concept
mapping served as the basis for the ELI logic model, and also
served to provide much of the initial content for developing
the researcher survey. Additionally, because the concept-
mapping process consisted of clustering statements into di-
mensions, the statements within these clusters formed the
initial theoretical operationalization of the dimensions. The
researcher-survey development was led by a methodology
team (WTM, LCM, and SM co-authors) and was developed in
collaboration with TTURC funders, TTURC researchers, and
input from a consulting committee. The researcher survey
went through several expert reviews and revisions, and re-
ceived final approval from a consulting committee for admin-
istration to the TTURGs. Of particular interest to this paper
are the sections that focused on collaboration and transdisci-
plinary research (see Appendixes A and B for a description of
the items).

Collaboration

The researcher survey included 23 items that assessed collab-
oration. All items used a 5-point, Likert-type response format.
Fifteen items used the stem Please evaluate the collaboration
within your center with the following response anchors: inade-
quate, poor, satisfactory, good, and excelleni. The other eight
items started with Please rate your views about collaboration with
respect to your center-related research with the response anchors
strongly disagree, somewhat disagree, not sure, somewhat agree, and
strongly agree. It was determined a priori that the factor
structure of the collaboration scale would have three corre-
lated factors. One factor was designed to assess satisfaction with
collaboration using eight items: acceptance of ideas, communica-
tion, researchers’ strengths, organization, resolution of conflict, work-
ing styles, outside involvement, and discipline involvement. A
second factor, designed to assess the impact of collaboration,
used 6 items: meeting productivity, products productivity, overall
productivity, research productivity, quality of research, and time
burden. A final factor, designed to assess trust and respect in
the collaborative context, used four items: being comfortable in
showing limits, trusting colleagues, being open to criticism, and
respect). Five of the initial collaboration items were excluded
from the analyses as they did not measure the above
constructs.

Am ] Prev Med 2008;35(2S) $153



Table 1. Model fit of the confirmatory-factor analysis, testing whether the hypothesized three-factor structure fit the

collaboration items (n=144)

Model Chi-square (df), p-value RMSEA (90% CI) SRMR CFI/NNFI CAIC Residuals

Model 1 282.07 (132), <0.05 0.09 (0.07, 0.10) 0.06 0.97/0.94 352.20 —3.22 to 6.48
Some skewness

Model 2 255.01 (116), <0.05 0.09 (0.07, 0.10) 0.06 0.97/0.95 315.11 —3.22 to 6.48
Some skewness

Model 3 181.30 (114), <0.05 0.07 (0.05, 0.08) 0.05 0.99/0.96 260.82 —2.75 to 2.93
Normal

Model Comparisons Chi-square difference df p-value CAIC difference

Model 1 vs Model 2 27.06 16 >0.05 37.09

Model 2 vs Model 3 73.98 2 >0.05 54.29

Note: Model 1: Hypothesized three-factor structure; Model 2: hypothesized three-factor solution minus the item that assesses “time burden”;
Model 3: Model 2 plus two correlated-error terms (one between Items 7 and 8, and a second between Items 12 and 13)
CAIC, corrected Aikaike’s information criterion; CFI, comparative fit index; NNFI, non-normed fit index; RMSEA, root mean square residuals;

SRMR, standardized root mean square residuals

Transdisciplinary Integration

The researcher survey had 15 items that measured attitudes
about transdisciplinary research. Respondents were asked to
indicate their attitudes about transdisciplinary research and to
provide interpretations based on their understanding or percep-
tion of transdisciplinary research. All items used a 5-point,
Likert-type format with the response options strongly agree, some-
what disagree, not sure, somewhat agree, and strongly disagree. It was
determined a priori that the items likely measured one factor
that assessed transdisciplinary integration.

ELI Intermediate Markers of Progress Toward
Collaboration and Transdisciplinary Integration

Although the researcher survey included a number of indexes
that corresponded to the ELI logic model (Figure 1), only
four of the indexes (methods, science and models, improved
interventions, and publications) were used here. These were
seen as intermediate markers of progress within the centers.
It should be noted that for these constructs, index measures
were created. Overall, these indexes measured how much
progress had been achieved by the TTURGCs in these areas.
The methods index was computed by averaging 7 items (e.g.,
development or refinement of methods for gathering data);
17 items were averaged for the sciences-and-models index
(e.g., understanding multiple determinants of the stages of
nicotine addiction); 12 items were averaged to measure
improved interventions (e.g., progress in pharmacologic in-
terventions); and, finally, the publications index was the sum
of submitted and published articles and abstracts.

Data Analysis

Factor structure. All negatively worded items were reverse-
coded for the analyses. Confirmatory-factor analyses, using the
LISREL 8.8 software, served to validate the a priorifactor
structure of the collaboration and transdisciplinary-integration
scales. Parameter estimates were obtained using the maximum-
likelihood method of estimation. As there are no agreed-upon
standards for determining model fit, the criteria established by
Hu and Bentler®” for evaluating fit were followed. The chi-
square goodness-of-fit test served to determine the overall fit of
the factor structure, with a p-value <0.15 indicating that the
residuals were no longer significant—hence, a good fit. Given
that the chisquare is highly affected by sample size and the
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distributional properties of the items, other fit indexes were
evaluated. Steiger’s root mean square root error of approximation
(RMSEA) was evaluated, with a value of 0.05 and an upper CI
<0.08 indicating a good fit. The standardized root mean square
residuals (SRMR) was evaluated, and a value of 0.05 represented
a good fit. Both the comparative fit index (CFI) and the
non-normed fit index (NNFI) were evaluated. These indexes
compare the fit of the model to a baseline model with values
bounded between 0 and 1. For both the CFI and NNFI, a value
>0.95 is indicative of a good fit. Finally, the distribution of the
standardized residuals was evaluated to assess overall model fit,
where normally distributed standardized residuals ranging from
—3.0 to 3.0 indicate a good fit. Any posthoc model modifications
consisted of evaluating the modification indexes and determin-
ing whether the suggested change was theoretically defensible. If
the revised model was nested within the original structure, a
chi-square test of differences was computed to determine if the
new model significantly improved the fit of the data.

Finally, the corrected Akaike’s information criteria (CAIC)
served to compare the fit of different models while accounting
for the number of parameters estimated in the model; a lower
CAIC was indicative of a better fit. Standardized factor loadings
ranged from —1.00 to 1.00, and a value of <0.30 was used to
assess items that loaded poorly on the hypothesized factor.

Relationship with ELI outcomes. It was hypothesized that the
collaboration and the transdisciplinary-integration scales would
be significantly correlated with select intermediate markers on
the ELI logic model (methods, science and models, improved
interventions, and publications). To assess these bivariate rela-
tionships, the potential clustering effect of the center was
accounted for by first regressing each scale on the center (coded
as a set of dummy variables) and then computing a Pearson
product moment correlation between the resulting residuals.

Group differences. Finally, one-way ANOVAs were computed
for each scale to examine if differences existed on these scales by
respondent’s role and by center, using the general linear model
procedure in SAS to take into account the nested structure of
the data. Posthoc analyses were conducted (as appropriate)
using the leastsignificant-differences method. Although some
differences were expected, these analyses were mainly explor-
atory. All analyses used a pvalue <0.05 to determine significance.
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Figure 2. Factor structure of the collaboration scales

Internal consistency. The SPSS reliability subroutine was
used to compute internal consistency (Cronbach’s coefficient
a) for the collaboration and transdisciplinary-integration
scales. Using the lower-bound criteria for internal consistency, a
Cronbach’s & of at least 0.70 was considered adequate.?®

Results
Demographic Information

Of the valid responses (n=202), 50% of the respondents
(n=101) indicated that they had been with their center for
=2 years, and 66.3% reported having worked <40 hours per
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of disciplines from the bio-
logical sciences to popula-
tion health.

Factorial Validity of the Collaboration Scales

The confirmatory-factor analysis results for the collab-
oration scales are summarized in Table 1. The results
showed that the a priori three-factor structure did not
fit the data very well (the RMSEA, SRMR, and residuals
were high). The results suggested that Item 14, time
burden (collaboration has posed a significant time burden in
your research), did not load on the factor that assessed
the impact of collaboration. Of the 18 items, this was
the only item that was negatively worded. Given that the
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Table 2. Model fit of the confirmatory-factor analysis, testing whether the hypothesized one-factor structure fit the

transdisciplinary items (n=172)

Model Chi-square (df), p-value RMSEA (90% CI) SRMR CFI/NNFI CAIC Residuals

Model 1 222.67 (90), <0.05 0.10 (0.08, 0.11) 0.07 0.96/0.93 294.42 —3.13 to 6.11
Skewed

Model 2 182.61 (89), <0.05 0.08 (0.07, 0.10) 0.07 0.97/0.94 378.59 —2.87 to 4.57
Some skewness

Model 3 137.76 (86), <0.05 0.06 (0.04, 0.08) 0.05 0.98/0.98 346.77 —2.74 to 3.09
Normal

Model comparisons Chi-square difference df p-value CAIC difference

Model 1 vs Model 2 40.06 1 >0.05 84.17

Model 2 vs Model 3 44.85 3 >0.05 31.82

Note: Model 1: Hypothesized three-factor structure; Model 2: hypothesized three-factor solution minus the item that assesses “time burden”;
Model 3: Model 2 plus two correlated-error terms (one between Items 7 and 8, and a second between Items 12 and 13)
CAIC, corrected Aikaike’s information criterion; CFI, comparative fit index; NNFI, non-normed fit index; RMSEA, root mean square residuals;

SRMR, standardized root mean square residuals

factor loading was extremely low (0.01), the solution
was run without this item (Model 2). As shown in
Table 1, the fit of Model 2 significantly improved
compared to Model 1, but the solution remained
inadequate (the RMSEA, SRMR, and residuals were
high). Examination of the modification indexes re-
vealed a weakness in the factor structure, suggesting
the addition of two correlated-error terms to Model
2. A correlation between Items 7, outside involvement,
and Item 8, discipline involvement, was added, as well
as a correlation between Item 12, research productivity,
and Item 13, quality of research.

It should be noted that adding these correlations
suggests that the solution does not account for all of the
correlations that exist among these four items. To
address this issue, Model 3 added these two extra
correlations (Table 1), which resulted in an adequate
fit as well as a significant improvement in the fit of the
model. The final three-factor solution is presented in
Figure 2. The factor loadings (standardized paths)
ranged from 0.42 on Item 15, showing limits, to a high of
0.88 on Item 11, overall productivity. Correlations among
the factors were moderately high (the correlation be-
tween impact of collaboration and trust and respect was
0.65) to high (the correlation between satisfaction with
collaboration and impact of collaboration was 0.90, and
between satisfaction with collaboration and trust and respect
was 0.81). Cronbach’s « for each scale was adequate: 0.91
for satisfaction with collaboration, 0.87 for impact of collabora-

tion, and 0.75 for trust and respect. Item and subscale means
were high; on the 1- to 5-point Likert scale, the means
were (in general) closer to the 4-point—indicative of
overall satisfaction with the collaborative process. Overall
item means and scale means were high, indicating satis-
faction in these areas.

Factorial Validity of the
Transdisciplinary-Integration Scale

The confirmatory-factor—analysis results of the
transdisciplinary-integration scale are summarized in
Table 2. The results showed that the hypothesized
one-factor structure for the transdisciplinary items did
not fit very well (inadequate RMSEA, SRMR, and
standardized residuals). Examination of the modifica-
tion indexes suggested that the correlation between two
items (Item 6, changes my research ideas, and Item 7,
improved my research) was not well-explained by the
solution. Given that the content of these two items was
related, a correlated-error term was added to the model
(Model 2). Adding this correlated-error term signifi-
cantly improved the fit of the model, but the solution
remained inadequate (high RMSEA, SRMR, and stan-
dardized residuals). Re-examination of the modifica-
tion indexes revealed that the correlations among all
the negatively worded items (Items 2, 3, and 4) re-
mained high.

Table 3. Pearson product moment correlations among the collaboration and transdisciplinary-integration scales with

intermediate markers and long-term outcomes

Methods Science and models Improved interventions Publications
(n=179)" (n=183)* (n=164)* (n=128)*
Satisfaction with collaboration 0.37%* 0.48%* 0.25%# 0.18
Impact of collaboration 0.44** 0.52%% 0.37%* 0.10
Trust and respect 0.33%* 0.40%%* 0.18% 0.04
Transdisciplinary integration 0.427%%* 0.38%* 0.347%* 0.03

“Note that the sample size varied slightly due to missing data.
*$<0.05; **p<<0.001
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Standardized

paths
(nonstandardized
paths £ SD)

Items

d 0.72 (0.50+0.05) | 1.

Values collaboration

0.25 (0.27 +0.08) | 2.

Knowledge interference

0.32 (0.35+0.08) | 3.

Less productive

0.21(0.23 +0.08) | 4.

Fewer publications

0.66 (0.53+0.06) | 5.

Stimulates thinking

0.60 (0.62+0.07) | 6.

Changes research idea

0.63 (0.63+0.07) | 7.

Improved my research

Transdisciplinary 0.82(0.69+0.05) | 8.

Valuable science

integration 0.69 (0.63 + 0.06) | 9.

Improves interventions

0.73 (0.62 £ 0.06) | 10. Discipline contribution

0.67 (0.63 £0.07) | 11. Sustained collaboration

0.84 (0.70 £ 0.05) | 12. Outweighs inconveniences

0.82 (0.58 £ 0.04) | 13. Comfortable environment

0.67 (0.54 £+ 0.06) | 14. Effort to engage

0.52 (0.42 + 0.06)
!

15. Open-minded perspective

Cronbach alpha = 0.89

for collaboration and the
transdisciplinary-integra-
Mean * SD tion were significantly cor-
related with the following
450070 EI.J outcomes: methods,
science and models, and
4.07 + 1.06 interventions.
3.65 £ 1.06 Group Differences
2.45+£1.08 Table 4 presents collabora-
408 £ 078 .tion and transdisciplinary-
integration scales by re-
3.74 +1.05 spondent’s role and by
center. The analyses re-
3.81+1.01 vealed significant between-
oup differences by re-
4.41+0.83 ;g;onlc)lent’s role fory the
trust-and-respect collabora-
4.1320.90 tdon scale only (F=3.47
4.96 + 0.83 [df=3, 183], j?<0.05) and
revealed no significant dif-
3.92 £0.93 ferences for the other col-
laboration scales and the
4.31£0.82 transdisciplinary-integra-
tion scale by respondent’s
4.51+0.73 role. Posthoc comparisons
433 +0.81 revealed that on the trust
and-respect factor, investi-
4.27 +0.81 gators’ scores were signifi-
cantly higher than those
Subtotal | 4.05+0.55 of “other” research staff

Error terms between items 6 and 7 (0.29) as well as items 2 and 3 (0.32), 2 and 4 (0.25), and 3

and 4 (0.30) are correlated.

(p<<0.05), and students’
scores were significantly
higher than the scores of
both the professional sup-

Figure 3. Factor structure of the transdisciplinary-integration scales

To remedy this, a new model was fitted that included
extra correlated-errors terms among all negatively
worded items (Model 3), and resulted in an adequate
fit and significant improvement in the fit of the model.
As shown in the final solution (Figure 3), the factor
loadings (standardized paths) for the negatively
worded items (Item 2, knowledge interference, Item 3, less
productive; and Item 4, fewer publications) were border-
line adequate (>0.30) to inadequate (<0.30), indicat-
ing that although the overall fit of the model was
improved by the addition of a correlated-error term
among these items, these items remained poor indica-
tors of transdisciplinary integration.

Associations with ELI Outcomes

Table 3 summarizes the associations for the collaboration
and transdisciplinary-integration scales with select intermedi-
ate ELI outcomes. The results showed that the three scales

August 2008

port staff scores ($<<0.05)

and the “other” research

staff (p<<0.05).
Finally, the results comparing differences by center
revealed significant between-center differences for
all the collaboration factors: satisfaction with collabora-
tion (F=9.42 [df=6, 171], p<<0.05); impact on collabo-
ration (F=7.87 [df=6, 170]; p<<0.05); trust and respect
(F=3.37 [df=6, 191], $<0.05); the collaboration
total score (F=8.75 [df=6,174], p<<0.05); and the
transdisciplinary-integration scale (F=2.87 [df=6, 198],
$<0.05). Posthoc results are available upon request and
are not reported here, as the anonymity of the data
precludes any meaningful interpretation; however, the
results are presented to demonstrate the power of these
scales to detect differences among centers.

Discussion

The purpose of this paper was to examine the psycho-
metric properties of scales that measure collaboration

Am | Prev Med 2008;35(2S) $157



==z § and transdisciplinary integration in the context of team
SesSS science. Overall, the hypothesized factor structures—
- VYL © with some minor modifications—were validated. A total
—
~ I*l* <+ < < < of four scales were developed, and measured the fol-
ceea lowing: perceived satisfaction with collaboration, the
s impact of collaboration on the research process, trust
Slweox and respect in a collaborative setting, and transdisci-
[ It linary integration. All scales were found to have ade-
uate internal consistency (i.e., Cronbach a’s were all
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——— >0.70); to be correlated with most intermediate mark-
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[ w| SSS2 ers of ELI; and to show some ability to detect some
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3 | | ¥ SN group differences.
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sl S22 :
o S | < oI~ o volvement of collaborators from outside the center, and Item 8,
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= e R | 8o < involvement of collaborators from diverse disciplines). How-
= soae ever, it is important to note that the negatively worded
= o2 items on both scales created some problems: not load-
= =Z=2S t both scal ted probl t load
% = gggg ing on the scale or creating spurious correlated-error
= PR i o terms. It is well-known that having a subset of negatively
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n| 2 I | S — in this paper).? Certainly the presence of such meth-
O O m 8| < <F . k R K R
s 3z odologic artifacts calls into question the common mea-
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& N R Associations among the scales with intermediate
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scientific and societal outcomes may require longitudi-
nal studies that extend over 1 or more decades.?® Team
science initiatives are structurally complex, and several
years are required to establish and coordinate the
efforts of multiple investigators and trainees working
within and across several (often geographically dis-
persed) centers.'” Therefore, the results reported here
must be supplemented in future years by longer-term
investigations that track the scientific and societal con-
tributions of team initiatives sustained over 1 or more
decades; and must incorporate comparison groups
comprising individuals or small groups of scholars
working on similar scientific questions—but from out-
side the framework of “big science.”

In closing, it should be noted that this study was limited
in its ability to examine the predictive validity of these
scales, as only cross-sectional data were available. Further-
more, the stability (test-retest reliability) of these scales
was not assessed. Therefore, much more work is needed
to further assess the utility of these scales for detecting
changes over time (e.g., in the collaborative effectiveness
and productivity of transdisciplinary centers); for detect-
ing stability; and for elucidating the pathways by which
team science initiatives generate longer-term impacts on
scientific progress and population health as suggested by
the ELI logic model. Another potential limitation of this
study was that TTURC researchers may have reacted to
the demand characteristics of the study by both respond-
ing in a manner that would make them appear to be
working in more of a transdisciplinary manner and re-
sponding in a positive way to this type of collaborative
work, especially given the financial incentive of TTURC
initiatives. Nonetheless, with these caveats, this paper
provides valid tools that can be utilized to examine the
underlying processes of team science—an important ini-
tial step toward advancing the science-ofteam-science
field.

No financial disclosures were reported by the authors of this
paper.
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Appendix A: List of collaboration items

Item (short description)

Stem employed in the researcher survey

Satisfaction with collaboration: Items 1-8
1. Acceptance of ideas

. Communication

. Strengths

. Organization

. Conflict resolution

. Working styles

. Outside involvement

. Discipline involvement

Impact of collaboration: Items 9-14
9. Meeting productivity

10. Products productivity

11. Overall productivity

12. Research productivity

13. Quality research

14. Time burden

Trust and respect: Items 15-18

15. Showing limits

0 3O T 00N

16. Trust colleagues
17. Open to criticism
18. Respect

Acceptance of new ideas

Communication among collaborator

Ability to capitalize on the strengths of different researchers
Organization or structure of collaborative teams

Resolution of conflicts among collaborators

Ability to accommodate different working styles of collaborators
Involvement of collaborators from outside the center
Involvement of collaborators from diverse disciplines

Productivity of collaboration meetings

Productivity in developing new products (e.g., papers, proposals, courses)
Overall productivity of collaboration

In general, collaboration has improved your research productivity.

In general, collaboration has improved the quality of your research.
Collaboration has posed a significant time burden in your research.

You are comfortable showing limits or gaps in your knowledge to those with whom
you collaborate.

In general, you feel that you can trust the colleagues with whom you collaborate.

In general, you find that your collaborators are open to criticism.

In general, you respect your collaborators.

Note: Items 1-11 asked respondents to Please

evaluate the collaboration within your center by indicating if the collaboration is (1) inadequate,

(2) poor, (3) satisfactory, (4) good, or (5) excellent. Items 12-18 asked respondents to Please rate your views about collaboration with respect

to your center-related research by indicating
agree with the statement.

if you (1) strongly disagree, (2) somewhat agree, (3) not sure, (4) somewhat agree, or (5) strongly

Appendix B: List of transdisciplinary in

tegration items

Item (short description)

Stem employed in the researcher survey

1.
2.
3.

Value collaboration
Knowledge interference
Less productive

. Fewer publications
. Stimulates thinking
. Changes research ideas

O T

. Improved my research
. Valuable science

@0

. Improves interventions
. Discipline contribution

11.
12.

Sustained collaboration
Outweighs inconveniences

13.
14.
15.

Comfortable environment
Effort to engage
Open-minded perspective

I would describe myself as someone who strongly values transdisciplinary collaboration.

Transdisciplinary research interferes with my ability to maintain knowledge in my primary area.

1 tend to be more productive working on my own rather than working as a member of a
transdisciplinary research team.

In a transdisciplinary research group, it takes more time to produce a research article.

Transdisciplinary research stimulates me to change my thinking.

I have changed the way I pursue a research idea because of my involvement in transdisciplinary
research.

Transdisciplinary research has improved how I conduct research.

I am optimistic that transdisciplinary research among TTURC participants will lead to valuable
scientific outcomes that would not have occurred without that kind of collaboration.

Participating in a transdisciplinary team improves the interventions that are developed.

Because of my involvement in transdisciplinary research, I have an increased understanding of
what my own discipline brings to others.

My transdisciplinary collaborations are sustainable over the long haul.

Generally speaking, I believe that the benefits of transdisciplinary scientific research outweigh the
inconveniences and costs of such work.

I am comfortable working in a transdisciplinary environment.

Overall, I am pleased with the effort I have made to engage in transdisciplinary research.

TTURC members as a group are open-minded about considering research perspectives from fields
other than their own.

For all items, respondents were asked to Please rate the following attitudes about transdisciplinary research by indicating if you (1) strongly disagree, (2)

somewhat agree, (3) not sure, (4) somewhat agree,
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The Collaboration Readiness of Transdisciplinary

Research Teams and Centers
Findings from the National Cancer Institute’s TREC Year-One
Evaluation Study

Kara L. Hall, PhD, Daniel Stokols, PhD, Richard P. Moser, PhD, Brandie K. Taylor, MA,
Mark D. Thornquist, PhD, Linda C. Nebeling, PhD, Carolyn C. Ehret, MS, RD, Matthew ]. Barnett, MS,
Anne McTiernan, MD, PhD, Nathan A. Berger, MD, Michael I. Goran, PhD, Robert W. Jeffery, PhD

Abstract:

Growing interest in promoting cross-disciplinary collaboration among health scientists has
prompted several federal agencies, including the NIH, to establish large, multicenter initiatives
intended to foster collaborative research and training. In order to assess whether these
initiatives are effective in promoting scientific collaboration that ultimately results in public
health improvements, it is necessary to develop new strategies for evaluating research processes
and products as well as the longer-term societal outcomes associated with these programs.
Ideally, evaluative measures should be administered over the entire course of large initiatives,
including their near-term and later phases. The present study focuses on the development of
new tools for assessing the readiness for collaboration among health scientists at the outset
(during the first year) of their participation in the National Cancer Institute’s Transdisciplinary
Research on Energetics and Cancer (TREC) initiative. Indexes of collaborative readiness, along
with additional measures of near-term collaborative processes, were administered as part of the
TREC Year-One evaluation survey. Additionally, early progress toward scientific collaboration
and integration was assessed, using a protocol for evaluating written research products. Results
from the Year-One survey and the ratings of written products provide evidence of cross-
disciplinary collaboration among participants during the first year of the initiative, and also
reveal opportunities for enhancing collaborative processes and outcomes during subsequent
phases of the project. The implications of these findings for future evaluations of team science

initiatives are discussed.

(Am ] Prev Med 2008;35(2S):S161-S172) © 2008 American Journal of Preventive Medicine

Introduction

o facilitate scientific efforts to solve complex
public health problems such as cancer inci-
dence, morbidity, and obesity-associated mortal-
ity, multidisciplinary teams of investigators drawn from
a variety of different fields are being formed."* The
major goals of these teams are to develop new methods,
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theories, and conceptual models that integrate several
disciplinary perspectives. Cross-disciplinary scientific
collaboration is intended to move areas of research
forward in ways that individual investigators working
from a single disciplinary perspective could not accom-
plish on their own or in a timely manner.”*
Conducting team science that bridges multiple disci-
plines can be expensive and labor intensive.” Therefore, it
is important to identify and understand those conditions
that facilitate or hinder effective cross-disciplinary collab-
oration.” Whereas the enhancement of public health is
perhaps the most crucial intended outcome of cross-
disciplinary health research, identifying the gains in
health status attributable to a particular research program
can be quite difficult, especially during the early phases of
a team science initiative. Research takes time to develop,
conduct, disseminate, and implement. The stage of re-
search and the state of the infrastructure for translating
research into tangible health benefits influences the
length of time it takes for these improvements to become
evident at the community and societal levels. In the
interim, near-term markers of successful collaboration

0749-3797/08/%-see front matter $S161
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and integration are necessary for evaluating scientific
progress during a research initiative.” This paper presents
new methods for assessing the antecedents of effective
cross-disciplinary collaboration and near-term markers of
collaborative processes and outcomes as evaluated during
the early phase of a largescale research and training
initiative in the field of energetics and cancer.

Transdisciplinary Research on Energetics and
Cancer Initiative

During the fall of 2005, the National Cancer Institute
(NCI) established the Transdisciplinary Research on En-
ergetics and Cancer (TREC) initiative comprising four
research centers and one coordination center.” The
TREC centers are intended to foster collaboration among
transdisciplinary teams of scientists with the goal of accel-
erating progress toward reducing cancer incidence, mor-
bidity, and mortality associated with energy imbalance,
obesity, and low levels of physical activity. They also aim to
conduct research to elucidate the mechanisms linking
energetics and cancer and to provide training opportuni-
ties for new and established scientists who can carry out
integrative research on energetics and energy balance
(www.compass.fhere.org/trec). This $54-million initiative
was created through a combination of funding mecha-
nisms that enable four research centers to have the
support of a centralized coordination center. NCI is
partnering with the centers to support developmental
projects both within and between centers as well as an
initiative-wide evaluation process.”

Previous evaluation studies have assessed collaborative
processes and outcomes during the mid-term or later
stages of an initiative,7’m but to the authors’ knowledge,
no study to date has assessed antecedent factors present at
the outset of an initiative that may influence the effective-
ness of team collaboration over the duration of the
program. The TREC Year-One evaluation study, summa-
rized below, contributes to the science of team science
by providing newly developed metrics for assessing
collaboration-enhancing or -impairing factors present
during the first year of a large-scale, cross-disciplinary
research and training initiative, and for evaluating
the empirical links between these antecedent condi-
tions and near-term markers of scientific collabora-
tion and integration.

Collaborative Readiness and Capacity

A number of circumstances can influence a team’s
prospects for effective cross-disciplinary collaboration
during the early stages of an initiative. These factors
may enhance or hinder collaborative processes during
the proposal-development phase, during preparations
for project launch once funding has been received, and
during the initial months once the project has com-
menced. They may also affect the longer-term success
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of the collaboration, its scientific outcomes, and, ulti-
mately, the public health impacts of an initiative. A
variety of circumstances that facilitate or constrain
effective teamwork during the initial stages of a project
have been identified as collaborative-readiness factors
in earlier evaluations of cross-disciplinary scientific
projects and research centers.®”'! In this discussion, at
least three categories of collaborative-readiness factors
are considered: (1) contextual-environmental condi-
tions (e.g., institutional resources and supports or
barriers to cross-departmental collaboration; the envi-
ronmental proximity or electronic connectivity of in-
vestigators, or both); (2) intrapersonal characteristics
(e.g., research orientation, leadership qualities); and
(3) interpersonal factors (e.g., group size, the span of
disciplines represented, investigators’ histories of col-
laboration on earlier projects).

Contextual-environmental influences on collabora-
tion (e.g., environmental proximity among investigators,
bureaucratic administrative infrastructures at universities
or research labs) are more hard-wired into the physical
and social environment, whereas intrapersonal and inter-
personal collaborative-readiness factors are, perhaps,
more malleable human factors whose qualities change
over time as a result of collaborative processes. Contex-
tual factors such as geographic constraints on collab-
oration and institutional resources may also change
over time, but these processes are perhaps more
gradual and difficult to accomplish due to the rigidity
of environmental and bureaucratic structures. Presum-
ably, contextual-environmental conditions as well as
intrapersonal and interpersonal factors interact with
each other to influence the overall collaborative readi-
ness of a scientific team, or the extent to which team
members are likely to achieve the collaborative goals
specified at the outset of the project.

Olson and Olson,!! in their studies of collaboration
among team members who are geographically dis-
persed, have emphasized the importance of technology
readiness, or the extent to which participants have the
requisite technical infrastructure and expertise to es-
tablish and sustain electronic communications and
information exchange with each other. In the context
of the present study, collaborative readiness is concep-
tualized more broadly to encompass motivational fac-
tors, leadership resources, investigators’ histories of
prior collaboration and informal social relations with
each other, spatial proximity, electronic connectivity,
and other institutional supports for centers and teams
(see also Stokols et al.”™). Considering the diversity of
collaborative-readiness factors, it is important not only
to identify the range of potential influences on team-
work but also to understand which factors exert the
greatest impact on team members’ collaborative pro-
cesses and outcomes.

As a project moves into its mid- and later phases of
development, the notion of readiness for collaboration
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becomes less salient or rele-
vant. During the later stages
of the project, the contextual—-
environmental factors, in-
trapersonal factors, and inter-
personal factors that facilitate
or constrain a team’s effec-
tiveness are better construed
as determinants of collabo-
rative capacity among inves-
tigators rather than as readi-
ness factors that influence
participants’ prospects for
effective collaboration pri-
marily at the outset of an
initiative. A conceptual model
of the temporal relation-
ships among collaborative-
readiness factors, collabora-
tive capacity, and collaborative
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Measures of Scientific
Collaboration

At least two methodologic approaches have been used for
assessing the levels of cross-disciplinary collaboration and
integration achieved by the members of research teams
and centers. One strategy is to assess the ongoing pro-
cesses of collaboration and scientific synergy as they occur
within particular research and training settings such as
investigators’ offices, conference rooms, and laboratories.
A second approach is to evaluate the cross-disciplinary
qualities (e.g., the quality and scope of integration among
multiple disciplinary perspectives) reflected in tangible
collaborative products such as manuscripts, grant propos-
als, published journal articles, and books.'” These re-
search deliverables can serve as markers of collaborative
progress during both the initial and later phases of a
cross-disciplinary initiative. Although product assess-
ments do not capture the dynamics of cross-disciplinary
collaboration as it occurs over time, the development of
objective criteria for evaluating the integrative scope
and quality of written products has the advantage of
establishing standardized criteria that can be applied
reliably and validly across a wide range of research and
training projects. In the current evaluation of the NCI
TREC initiative, both process and product measures were
used to gauge early progress toward cross-disciplinary
collaboration among TREC investigators.

Two related studies are reported below. In the first,
Year-One survey measures were developed and admin-
istered to assess collaborative-readiness factors and
near-term (i.e., Year-One) evidence of cross-disciplinary
collaboration within the TREC centers. In the second,
an independent reviewer-rating protocol was designed
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Figure 1. Conceptual model for evaluation of collaborative initiatives

to evaluate the integrative qualities of early-term re-
search products—specifically, pilot project grant pro-
posals submitted by investigators during the first year of
the TREC initiative. These two components of the
TREC evaluation study extend earlier research in the
field of team science by providing new methods for
(1) assessing collaboration readiness among the mem-
bers of cross-disciplinary research teams and centers
and (2) gauging progress toward scientific collabora-
tion and integration during the initial phase of a 5-year
NCI scientific centers initiative, evidenced through
survey measures of collaborative processes and inter-
rater evaluations of the cross-disciplinary qualities of
team members’ research products.

Methods of the TREC Year-One Survey

This study involved the development and implemen-
tation of a Year-One survey for measuring collabora-
tive-readiness factors and early evidence of scientific
collaboration during the first year of the TREC
initiative. Development of the online Year-One sur-
vey was a collaborative effort between representatives
of NCI's evaluation team and the TREC coordination
center, which gathered input from TREC center
directors through the TREC evaluation working
group over the course of the survey’s development
and administration.

The TREC evaluation working group comprises
members from all the TREC centers, the TREC coor-
dination center, and the NCI evaluation team, which
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represents all partners within the TREC initiative coop-
erative agreement.

The NCI evaluation team comprises NCl-affiliated
staff who participate in evaluation activities for the
TREC initiative. They work with the TREC evaluation
working group on relevant activities, provide content
leadership that complements expertise at the TREC
centers, and consider issues at the programmatic level,
keeping broader evaluation interests at hand.

The TREC coordination center serves as a central
resource for the TREC research centers supported by
an NCI UOl grant, handling activities and functions
such as central communication and evaluation activi-
ties, training, and the conduct of original research,
making it more than just an administrative unit. The
coordination center provided intensive support in fa-
cilitating the evaluation of the four centers, and there-
fore members of this center were not included as
research subjects in the current evaluation.

A TREC center, or TREC research center, is an
institution-based research unit supported by an NCI
Ub4 grant. Each research center is located at a specific
university or cancer center and coordinates a variety of
research projects, core resources for the individual
center, training activities, and developmental grants.

Participants

Investigators, including center directors, co-investiga-
tors, and research staff from the four research centers
who were active in the TREC initiative at the start of
data collection, were eligible for the study. As men-
tioned previously, because of the central role played by
the coordination center in conducting the evaluation,
the coordination center’s investigators and staff were
not included in the Year-One survey. The final sample
size for the evaluation was 56 of 76 participants, result-
ing in a response rate of 74%.

Approval was received from the IRBs of the three
agencies/institutions primarily involved in the develop-
ment of the survey: the Fred Hutchinson Cancer Re-
search Center (the coordination center); Westat Inc.,
the third-party contractor; and the NCI. Each respon-
dent was presented with the online consent form
before he or she received the online survey.

Survey Measures

Several new survey instruments were created for the
TREC Year-One evaluation survey. Additionally, some
of the measures were adapted from earlier studies of
cross-disciplinary research centers and teams.> %10
These measures, administered during the first 6
months of the TREC initiative, can be found online in
their entirety (cancercontrol.cancer.gov/trec/TREC-
Survey-2006-01-31.pdf). The major scales developed for
the TREC survey are described below.

$164 American Journal of Preventive Medicine, Volume 35, Number 2S

These scales are grouped into two major categories.
The first category includes collaborative-readiness mea-
sures of respondents’ research orientations, as well as
antecedent measures of collaborative readiness including
their assessments of the institutional resources available to
support TRECrelated activities at the outset of the initia-
tive, their reports of prior collaboration with TREC col-
leagues on pre-TREC projects, and the number of years in
which they had participated in interdisciplinary or trans-
disciplinary research centers and projects prior to the
TREC initiative. The second category of measures include
near-term (first 6 months) measures of collaborative
processes, namely, respondents’ overall impressions of
their research center and their assessments of interper-
sonal collaboration and productivity, the cross-disciplinary
activities in which they had engaged, and their expecta-
tions that their TRECrelated projects would be successful in
achieving their previously specified Year-One deliverables.

Measures of Collaborative-Readiness Factors

The research-orientation scale (Cronbach’s a=0.74) as-
sessed the unidisciplinary or cross-disciplinary proclivity of
the investigators’ values and attitudes toward research,
using a b-point scale ranging from strongly disagree to
strongly agree. Previous measures of researchers’ orienta-
tions asked them to describe their transdisciplinary values
and behaviors; in contrast, the research-orientation scale
developed for this study was designed to assess the cross-
disciplinary continuum as defined by Rosenfield'® by
using items that measure each of four major research
orientations: unidisciplinary, multidisciplinary, interdisci-
plinary, and transdisciplinary.

A unidisciplinary research orientation is characterized
by the use of theories and methods drawn from a single
field, whereas cross-disciplinary (i.e., multidisciplinary,
interdisciplinary, transdisciplinary) research orientations
entail the combined use of concepts and methods drawn
from two or more distinct disciplines. Multidisciplinary
collaborations involve researchers who share their own
disciplinary insights and perspectives with colleagues who
are trained and work in fields different from their own.
Interdisciplinary collaborations involve a higher level of
integration among the different disciplinary perspectives
of team members than is evident in multidisciplinary
collaborations. Transdisciplinary collaborations, like in-
terdisciplinary ones, strive toward the integration of two
or more disciplinary perspectives, but are uniquely char-
acterized by the creation of novel conceptualizations and
methodologic approaches that transcend or move beyond
the individual disciplines represented among team mem-
bers. The final items included in this scale are presented
in Figure 2, along with a path diagram showing the
grouping of the items and their factor loadings from a
confirmatory factor analysis (described below).

The history-of-collaboration scale assessed the num-
ber of investigators at the participant’s TREC center
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with whom the participant
had collaborated on prior
projects (number of collabora-
tors); it also assessed the par-
ticipant’s satisfaction with
the previous collaboration
with each of those individu-
als, using a b-point Likert
scale ranging from not at all
satisfied to completely satisfied
(collaborative satisfaction rat-
ing). Also assessed were the
number of years during
which the respondent had
participated in interdiscipli-
nary or transdisciplinary re-
search centers (number of years
in inter/trans centers) and in
interdisciplinary or transdisci-
plinary research projects
(number of years in inter/trans
projects) prior to the TREC
initiative.

The institutional-resources
scale («=0.87) assessed inves-
tigators’ impressions of the
availability and quality of re-
sources (e.g., physical envi-
ronment, computer support,
personnel) at their centers

| tend to be more productive working on my own research
projects than working as a member of a collaborative research
team.

There is so much work to be done within my field that | feel it is
important to focus my research efforts with others in my own
discipline.

The research questions | am often interested in generally do
not warrant collaboration from other disciplines.

While working on a research project within my discipline, |
sometimes feel it is important to seek the perspective of other
disciplines when trying to answer particular parts of my
research question.

Although | rely primarily on knowledge from my primary field of
interest, | usually work interactively with colleagues from other
disciplines to address a research problem.

| believe the benefits of collaboration among scientists from
different disciplines usually outweigh the inconveniences and
costs of such work.

In my own work, | typically incorporate perspectives from
disciplinary orientations that are different from my own.

Although | was trained in a particular discipline, | devote much
of my time to understanding other disciplines in order to inform
my research.

In my collaborations with others | integrate research methods
from different disciplines.

In my collaborations with others | integrate theories and models
from different disciplines.

for conducting TREC-related
research. Each type of institu-
tional resource was rated by
respondents on 5-point Lik-
ert scales ranging from very
poor to excellent.

factor correlations

Near-Term Markers of Collaborative Processes

The semantic-differential/impressions scale («=0.98) as-
sessed investigators’ impressions of their center as a
whole, as well as how they feel as a member of their TREC
center. The items in this scale included divergent terms
listed at each end of a 7-point continuum on which
respondents rated their impressions (e.g., conflicted—
harmonious, not supportive-supportive, scientifically fragmented—
scientifically integrated).

The interpersonal-collaboration scale (a=0.92) as-
sessed investigators’ perceptions of the interpersonal col-
laborative processes occurring at their TREC center.
Examples of these interpersonal processes included con-
flict resolution, communication, trust, and social cohe-
sion, rated on 5-point Likert scales ranging from very poor
to excellent and from strongly disagree to strongly agree.

The collaborative-productivity scale (a=0.95) as-
sessed investigators’ perceptions of collaborative pro-
ductivity within their own TREC center, including the
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Figure 2. Path diagram for the research-orientation scale, including factor loadings and

productivity of scientific meetings and the center’s
overall productivity, on a 5-point Likert scale ranging
from very poor to excellent. They were also asked to
respond to the statement In general, collaboration has
improved your research productivity, on a b-point scale
ranging from strongly disagree to strongly agree.

The cross-disciplinary collaboration-activities scale
(a=0.81) assessed the frequency with which each inves-
tigator engaged in collaborative activities outside his or
her primary field, such as reading journals or attending
conferences outside the primary field and establishing links
with colleagues in different disciplines that led to collabora-
tive work, on a 7-point scale ranging from never to weekly.

The TRECrelated collaborative-activities scale (a=0.74)
assessed the frequency with which each investigator en-
gaged in TREGspecific activities, such as collaborating
with fellow members of her or his own or another TREC
center on new developmental projects or on activities
other than developmental projects, on a 7-point scale
ranging from never to weekly.

Finally, the completing-deliverables scale assessed
investigators’ expectations that their research, core,
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and developmental projects would adhere to the
agreed-upon schedule for completing Year-One deliv-
erables, on a 5-point Likert scale ranging from highly
unlikely to highly likely. All projects being conducted at
the participant’s center were listed, and each project
was rated separately.

Survey Procedures

The TREC Year-One survey was administered to respon-
dents via a third-party research contractor (Westat Inc.)
through online administration. Participants completed
the Year-One questionnaire by clicking a link—in an
e-mail sent directly to them—to their individualized,
password-protected survey. The survey required an aver-
age of 35 minutes to complete, and was launched 6
months after the start date of the initial award. Partici-
pants were given 8 weeks to complete the survey. Re-
minder e-mails were sent to those who had not completed
the questionnaire at 1-, 2-, and 3-week intervals.

Analyses and Results of the TREC
Year-One Survey
Analyses of the Research-Orientation Scale

The research-orientation scale is a theoretically based
measure designed to assess the cross-disciplinary con-
tinuum of researchers’ orientations as outlined by
Rosenfield."? Factor analyses were conducted to deter-
mine whether the relationships among the disciplinary
types were, in fact, on a continuum, or best repre-
sented as separate factors. Exploratory analyses as-
sessed the factor structure of the research-orientation
scale by (1) identifying distinct factors and estimating
the correlations between them; (2) computing factor
loadings; and (3) eliminating items with poor loadings
and high complexity (e.g., items that loaded highly on
more than one factor). The final items included in
each factor were selected on the basis of factor load-
ings, item clarity, minimum item redundancy, and the
conceptual representativeness of each factor.

Although the use of four factors would be most
consistent with the underlying theoretical model, the
maximum-likelihood method and principal-axis fac-
toring resulted in an ultra-Haywood case indicating
either that there were too many common factors or not
enough data to provide stable estimates of four distinct
factors. Given the small sample size (n=>56), there is
likely insufficient power to extract the four theoreti-
cally hypothesized factors, even if they do exist.
Convergence was obtained when extracting three
factors using direct oblique rotation employing a
maximum-likelihood method. The Kaiser-Meyer—
Olkin statistic (>0.6) predicts that the data are
suitable for the factor analysis of three factors. The
nonsignificance (p=0.103) of the goodness-of-fit test
shows that the three-factor model fits well.
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Following this, a confirmatory factor analysis was
conducted, based on the theoretical underpinnings of
the research-orientation scale and the results of the
exploratoryfactor analysis. Four items were excluded
from the model due to low loadings, double loadings
on meaningful factors, or conceptual inconsistency.
Three alternative models were examined and com-
pared, based on theoretical conceptualizations of the
model. The goodness-of-fit indexes for the confirma-
tory factor analysis were all within the range of 0-1.
The final model included three factors with accept-
able goodness-of-fit (CFI=0.95, SRMR=0.073, and
RMSEA=0.00; CI=0.0, 0.099). A path diagram of the
final model, including factor loadings and items, is
shown in Figure 2.

Bivariate Correlations

The Pearson correlation coefficients among key study
variables are listed in Table 1. Means and ranges for the
variables are also included there. Key associations
among research-orientation scale factors are described
below.

Research-orientation scale. Those participants who
scored higher on the unidisciplinary factor engaged in
fewer cross-disciplinary collaborative activities. Addi-
tionally, those who scored higher on the unidisciplinary
factor scored lower on both the multidisciplinary and
interdisciplinary/transdisciplinary factors. Those who
scored higher on the multidisciplinary factor tended to
engage in more cross-disciplinary and TREC-related
collaborative activities, had more collaborators, reported
better collaborative productivity at their center, and per-
ceived more institutional resources. Those who scored
higher on the interdisciplinary/transdisciplinary factor
engaged in more cross-disciplinary and TREGCrelated
collaborative activities, and were also found to score
higher on the multidisciplinary factor.

History of interdisciplinary/transdisciplinary centers
and projects. The fewer the number of years of involve-
ment in interdisciplinary/transdisciplinary centers and
projects, the fewer the number of collaborators the
participants reported having, and the more likely they
were to believe that Year-One deliverables would be
completed on time. Additionally, the fewer the number
of years of involvment in interdisciplinary/transdisci-
plinary projects, the more positively the respondents
rated their interpersonal collaborations, their collabo-
rative productivity, their impressions of their centers,
and their participation as a center member.

Institutional resources. The better the researcher
judged his or her center’s institutional resources to be,
the more positive were her or his impressions of the
center and the more satisfied he or she was with previous
collaborators. Additionally, the better a respondent’s per-
ceptions of institutional resources, the more positively he
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Table 4. Significant predictors ($<<0.10) from stepwise
regression analysis for outcome: investigators’ completing-
deliverables scale®

Parameter
Variable estimate Pr>|¢|
Number of yrs of inter/trans centers —0.030 0.049
Collaboration-productivity scale 0.298 0.087

Note: R-square=0.195; n=45; df=2, 42

“Higher scores correspond to more optimism of completing deliver-
ables.

inter, interdisciplinary; trans, transdisciplinary; yrs, years

collaborative processes within the center. Table 4 indi-
cates that the more favorably participants rated the col-
laboration productivity of their center, the more likely it
was that they thought that the Year-One deliverables
would be completed on time and that they had spent
fewer years as members of interdisciplinary/transdisci-
plinary research centers prior to the TREC initiative.

Methods of the Written Products Protocol
Rating the Cross-Disciplinary Qualities of
Developmental Proposals

To assess the near-term outcomes of cross-disciplinary
collaboration and productivity, a written products pro-
tocol (cancercontrol.cancer.gov/trec/ TREC-Protocol-
2006-09-27.pdf) was developed for evaluating the inte-
grative qualities and scope of TREC developmental-
project proposals. Each TREC center was allotted
$250,000 of developmental funds (for which investiga-
tors apply through an internal application process,
receiving final approval by the TREC steering commit-
tee). These funds are intended, in part, to support
TREC members’ efforts to facilitate collaborative re-
search above and beyond what was originally proposed
in each team’s individual application for establishing a
TREC center at its institution. Developmental research
projects are intended to provide an avenue for integrat-
ing the conceptual and methodologic perspectives of
TREC investigators trained in different fields. The
timing of this analysis, using only developmental
project proposals submitted during the first 6 months
of the initiative, meant that no cross-center proposals
were included; the first call for cross-center proposals
came later in the initiative.

Protocol Criteria

Members of the NCI evaluation team created evaluation
criteria for assessing the degree of cross-disciplinary
integration and the conceptual breadth or scope of the
proposed developmental projects. These criteria were
adapted from the written products protocol developed
by Mitrany and Stokols'? to assess the cross-disciplinary
scope of doctoral dissertations conducted in an inter-
disciplinary graduate program. The dimensions of
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cross-disciplinarity assessed included: disciplines repre-
sented in the content of the proposal; levels of analysis
reflected in the proposed research (i.e., molecular and
cellular; individual, group, and interpersonal; organiza-
tional and institutional; community and regional; soci-
etal; national; and global); the type of cross-disciplinary
integration reflected in each proposal (i.e., unidiscipli-
narity, multidisciplinarity, interdisciplinarity, or trans-
disciplinarity); the scope of transdisciplinary integra-
tion reflected in each proposal (i.e., the breadth or
extent to which there is integration of analytic levels,
analytic methods, and discipline-specific concepts,
rated on a 10-point Likert scale ranging from none to
substantial); an overall assessment of the general
scope of each proposal (i.e., its breadth, or the extent
to which various disciplines are represented and
investigators from different disciplines, analytic lev-
els, and analytic methods are included in the pro-
posal, rated on a 10-point Likert scale ranging from
none to substantial).

Procedures for Reviewing TREC
Developmental Project Proposals

Independent assessments of each developmental pro-
posal were completed by two independent reviewers using
the TREC written-products protocol. A total of 21 propos-
als submitted during Year One of the TREC initiative were
assessed. The reviewers were trained by members of the
evaluation team to ensure consistent interpretations and
applications of the written-products rating scales. Consen-
sus conference calls were later held with a moderator
and members of the NCI evaluation team. Members of
the evaluation team included individuals with a wide
range of cross-disciplinary clinical and research experi-
ence, as well as previous experience conducting evalu-
ations of other large transdisciplinary initiatives. Dis-
crepant scores on the various rating scales for each
proposal were discussed among the group until consen-
sus was reached.

Analyses and Results of the
Written Products Protocol
Inter-Rater Reliabilities

Inter-rater reliabilities based on Pearson’s correlations
ranged from 0.24 to 0.69 across the different rating
scales. The highest reliabilities were identified for the
ratings of experimental types (0.69); the number of
analytic levels (0.59); disciplines (0.59); the general
scope reflected in the proposals (0.52); and the meth-
ods of analysis (0.41). The lowest inter-rater reliability
(0.24) was found when the reviewers attempted to
identify the specific type of cross-disciplinary integra-
tion reflected in the various proposals.
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Table 5. Bivariate correlations among key written-products study variables

1 2 3 4 5 6
Cross-disciplinary integration type — 0.68%#%* 0.40%* 0.21 0.20 0.37
General scope — 0.90%* 0.74%% 0.38 0.67+*
Total proposal disciplines — 0.70%* 0.31 0.65%*
Total proposal analysis levels — 0.49% 0.62%%*
Total proposal experiment types — 0.69%*

Total methods of analysis

Note: N=21; dashes indicate a correlation of 1.0
*$<0.05; **p<0.01

Descriptive Statistics

Disciplines represented within the developmental pro-
posals. The average number of disciplines represented
in the proposals was 3.7 (range 2.0-6.0); 43 % of the
proposals included three disciplines, whereas 14 % of
the proposals included two, four, five, or six disciplines.
More than 35 different disciplines were represented
across the 21 proposals.

Levels of analysis included in the developmental pro-
posals. Four levels of analysis were identified across the
proposals: molecular and cellular; individual; group
and interpersonal; and community and regional.

Types of cross-disciplinary integration reflected in the
proposals. Fourteen of the developmental proposals
were identified by the raters as being interdisciplinary;
six were classified as unidisciplinary; one was rated as
being multidisciplinary; and none was judged to be
transdisciplinary.

Cross-center collaboration. No proposals were found
to include researchers or resources from more than
one TREC center.

Correlations among dimensions of cross-disciplinarity. Sig-
nificant correlations among the dimensions of cross-
disciplinarity, assessed for each of the 21 developmen-
tal proposals, are reported in Table 5. Generally, the
higher the number of disciplines reflected in a pro-
posal, the broader its integrative scope (r =0.90) and
the larger its number of analytic levels (r =0.70), as
rated by independent reviewers of the proposal. Also,
the higher the type of cross-disciplinarity—per Rosen-
field’s continuum'>—reflected in a proposal, the
broader its overall scope was judged to be (r =0.68).

Discussion

This study contributes to the science of team science by
(1) developing and testing new evaluation research
tools (i.e., the TREC Year-One survey and the written-
products protocol); and (2) by opening new avenues of
investigation for evaluating the empirical links between
collaboration readiness and near-term collaborative
processes and products in the context of large-scale,
cross-disciplinary research and training initiatives. The
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overall response rate for the TREC Year-One survey was
74%, but the overall sample size for this initial phase of
the TREC evaluation study was relatively small (i.e.,
n=>56 survey participants; n=21 developmental propos-
als). Given the small sample size, the analyses should be
considered exploratory and the results preliminary.
The measures developed for the Year-One survey
demonstrated good internal reliability (« range=0.74—
0.98). The most novel measure developed in this study
was the research-orientation scale, designed to assess the
four facets of disciplinary collaboration ranging from
unidisciplinarity to transdisciplinarity. Analyses clearly
demonstrated that there are distinct factors within this
scale, although—Ilikely owing to the small sample size—it
is not clear whether this scale represents four distinct
factors as conceptualized by Rosenfield"® or if three
factors (unidisciplinary, multidisciplinary, and interdisci-
plinary/transdisciplinary) better represent the cross-disci-
plinary continuum. Interestingly, there is an ongoing
debate in the science of team science literature about the
differentiation between interdisciplinary and transdisci-
plinary collaboration.'*'” Overall the current study found
that those who scored higher on the unidisciplinary factor
scored lower on the multidisciplinary and interdiscipli-
nary/transdisciplinary factors. Additionally, the cross-
disciplinary aspects of the scale, the multidisciplinary and
the transdisciplinary factors, were most strongly related.
The empirical associations observed in this study
between the research-orientation—scale factors and
other survey scales provide additional support for the
conceptual factors, and shed light on scientists’ atti-
tudes toward cross-disciplinary collaboration. For in-
stance, those who scored higher on the unidisciplinary
factor reported fewer cross-disciplinary collaborative
activities, whereas those ranked higher on the multidis-
ciplinary and interdisciplinary/transdisciplinary factors
reported more cross-disciplinary and TREC-related
collaborative activities. These relationships were corrob-
orated through additional regression analyses. The re-
ported finding that an investigator’s cross-disciplinary
research orientation is related to greater engagement in
cross-disciplinary activities (on a selfreported index of
collaborative behaviors) offer preliminary cross-validation
of the conceptual assumptions underlying the devel-
opment of the research-orientation scale. Additional
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support for these relationships involves the number
of collaborators associated with the three research-
orientation-scale factors. Those who scored higher
on the multidisciplinary and interdisciplinary/trans-
disciplinary factors reported more collaborators
prior to TREC, whereas the unidisciplinary factor was
not associated with the number of collaborators prior
to TREC. The inverse relationship between scores on
the unidisciplinary and the multidisciplinary and
interdisciplinary/transdisciplinary factors implies
that they may be mutually exclusive. Further exami-
nations of these factors should aim to confirm this
hypothesis. A logical next step would be to investigate
whether individuals who begin a transdisciplinary
initiative like TREC with a unidisciplinary orientation
change over time as they engage in transdisciplinary
collaborations.

It was also found that those who scored higher on the
multidisciplinary factor felt that their center had more
institutional resources. This finding suggests either that
investigators with more resources might be better
equipped to engage in collaborative endeavors with
researchers in disparate disciplines, or that working
with investigators from other disciplines might increase
available resources. Future research is needed to fur-
ther understand this relationship.

The number of years a researcher had been involved
in pre-TREC interdisciplinary/transdisciplinary centers
and projects revealed interesting associations among
collaborative attitudes that may reflect certain chal-
lenges inherent in interdisciplinary/transdisciplinary
collaboration. For instance, the fewer years a researcher
had been involved in interdisciplinary/transdisci-
plinary projects prior to the TREC initiative, the more
positive were his or her attitudes toward the respective
TREC center’s collaborative productivity and interper-
sonal collaboration; his or her impressions of the
center; and her or his feelings as a member of that
center. Inversely, this finding suggests that those re-
spondents who reported a greater number of years
involved in interdisciplinary/transdisciplinary centers
and projects rated these attitudinal factors less posi-
tively. A possible interpretation of this finding is that it
reflects respondents’ realistic understanding of the
substantial time and energy required to develop inter-
personal, physical, and funding infrastructures for sci-
entific collaboration. Alternatively, the more experi-
enced investigators in cross-disciplinary initiatives may
be more likely to perceive the TREC project as labori-
ous and time-consuming compared to other program
projects (e.g. PO, P50, or multisite trials) that may be
funded at their centers. Despite these findings, it is
important to note that the majority of responses by the
participants were in the upper range of the scale; that
is, overall the investigators rated their experiences quite
positively (see means and ranges in Table 1).
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Investigators’ perceptions of greater institutional
resources at their TREC centers were related to a
more positive outlook for a variety of collaborative
processes and outcomes (e.g., as reflected in their
more-positive ratings of their center, their confi-
dence in achieving transdisciplinary research and
training goals, the collaborative productivity of their
center, and the interpersonal qualities of their col-
laborations). Perhaps institutional resources provide
a stable foundation for researchers that enable them
to more effectively address the challenges of cross-
disciplinary science and training. Moreover, not hav-
ing to compete for scarce resources may facilitate
greater trust and cohesion among center members as
well as more favorable assessments of the lead prin-
cipal investigators. Importantly, feelings of trust are
an essential prerequisite for effective collaboration in
cross-disciplinary teams.>'®~'®

Finally, the collaborative-productivity and interpersonal-
collaboration scales included in the Year-One survey
were associated with investigators’ more positive overall
impressions of their center and more favorable feelings
as members of the center. These associations suggest
that the more favorably an investigator perceives the
productivity and interpersonal relationships in a cen-
ter, the more positive will be her or his overall assess-
ment of the center. It remains to be determined in
future studies whether more positive assessments and
interpersonal relationships among members of a cross-
disciplinary center result in higher levels of research
productivity and more significant, longer-term impacts
on science and society.

Turning to the ratings of the TREC investigators’
developmental proposals, the written products proto-
col revealed evidence of successful collaboration and
disciplinary integration during the first year of this
large-scale, cross-disciplinary initiative. Within the 21
proposals submitted during the first 6 months of the
initiative, more than 35 disciplines and four levels of
analysis were represented. Thus, during the start-up
phase of the TREC initiative, investigators not only had
been able to launch their initially proposed research
programs but also had made considerable progress in
developing new collaborative studies, many of which
were judged by independent reviewers as being
broadly interdisciplinary in scope. The lack of pro-
posals of a transdisciplinary nature is most likely due
to the constraints of doing this work so soon after the
initiative was funded. It is anticipated that analyses of
subsequent developmental proposals in future years
of the initiative will find them more transdisciplinary
in their scope and orientation. Due to its timing, the
near-term analysis of developmental project propos-
als was limited to within-center projects; efforts by
NCI, the TREC coordination center, and the TREC
steering committee have been ongoing to support
collaboration among the members of multiple TREC
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centers. An initial review of the developmental-
project proposals submitted after the completion of
these analyses indicated that cross-center collabora-
tions were already taking place.

Limitations and Future Directions

As noted earlier, the results of this study are necessarily
exploratory and preliminary due to the small size of the
study sample. Future investigations should incorporate
both larger sample sizes and other cross-disciplinary
groups of researchers to validate this study’s results,
especially those analyses using the research-orientation
scale and the regression models. Additionally, measures
of collaborative readiness and the written products
protocol should also be administered across multiple
initiatives in order to more firmly establish the psycho-
metric properties of the scale and to assess its applica-
bility across multiple research teams and settings. In
fact, the research-orientation—scale protocol developed
in this study is currently being administered to investi-
gators participating in another large-scale, NCI cross-
disciplinary initiative. Along these lines, an important
direction for future research is to enlarge the research-
orientation—scale item pool to ensure that the concep-
tual underpinnings of the scale are well represented,
increasing the number of items per factor and maxi-
mizing the factor loadings. For instance, the inclusion
of additional interdisciplinary items might increase the
likelihood of identifying interdisciplinarity and trans-
disciplinarity as separable factors in a larger sample.

The response rate to the Year-One survey was lower
than expected. Although evaluation was explicitly indi-
cated in the cooperative agreement for the initiative
and included as a role for the coordination center,
many investigators felt that they were not aware of the
evaluation component as intended before committing
to participate in the grant submission, and thus possibly
did not have buy-to the importance of participating in
the evaluation; they also reported feeling that the
communication regarding the specific evaluation ef-
forts conducted in the first year was not sufficient, and
that an adequate participatory process was not used to
fully engage all investigators. Confidentiality agree-
ments limit the capacity at this time to more clearly
differentiate who did not respond to the survey. Some
hypotheses include suppositions that the nonre-
sponders were “loner” investigator types, were individ-
uals with a small percentage of time to devote to the
TREC initiative, or were individuals overburdened by
starting up projects. Therefore it is unclear if the
nonresponders were not ready to engage in transdisci-
plinary research collaboration or simply were not ready
to engage in evaluation efforts perceived as peripheral
to their scientific mission.

Another methodologic limitation imposed by the
small sample size was the difficulty of conducting

August 2008

analyses linking the Year-One survey data with the
developmental proposal ratings. Twenty-six individuals
listed as investigators in the 21 developmental propos-
als had also completed the Year-One survey. These
researcher/proposal pairs were used to explore the
relationships between participants’ self-reports of col-
laborative readiness and the independent reviewers’
external ratings of developmental project proposals in
terms of their cross-disciplinary integration and overall
scope. Significant associations between the survey re-
sponses and the proposal ratings were negligible, pos-
sibly due to the small number of investigators for whom
both survey and proposal data were available.”

The written-products protocol assesses behavioral
evidence of cross-disciplinary integration that can be
gathered over the course of an initiative to gauge
changes in the quantity and qualities of collaborative
products. The consensual rating procedure used in this
study suggests that reviewers’ assessments of the devel-
opment proposals were ultimately reliable. However,
the inter-rater reliabilities of the reviewers prior to the
consensus process were somewhat low, thereby poten-
tially limiting the generalizability of this protocol to
other research teams and settings. In some cases, the
reviewers were challenged by the breadth of the scien-
tific content of the proposals, which increased the need
for the consensus process. It is recommended that
additional refinements be made to this tool in order to
enhance the clarity of the protocol criteria and the
levels of inter-rater reliability on each evaluative dimen-
sion. More detailed descriptions of the criteria and the
inclusion of concrete examples (e.g., narrow vs broad
integrative scope) are likely to facilitate greater accu-
racy and consistency of reviewers’ ratings of research
products in future studies.

An additional limitation of this study is the retrospec-
tive measurement of antecedents and the collection of
baseline data several months into the award cycle.
Unfortunately, the timing of the award and the neces-
sity of involving the coordination center and other
TREC members in planning the evaluation study pre-
cluded starting the evaluation from Day 1. It was not
possible to know what centers or groups of investigators
were going to be funded before they received the
award. Also, in order to establish buy-in of the investi-
gators for the evaluation, time was needed for the
participatory development of the baseline measures. If
baseline measurement at the immediate onset of the
award is desired, then a participatory process cannot
occur and it is likely that a mandate for evaluation by

“Also, the fact that some of the developmental-project proposals
already had been outlined as part of the original parent proposal
submitted to NCI, while others were created after the TREC centers
were launched, precluded analyses of the temporal links between
collaboration readiness during the start-up phase of a center and the
integrative qualities of collaborative projects that were presumed to
have been initiated once the TREC initiative was underway.
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the funding agency can have alternative impacts and
limitations that will need to be taken into account.

The coordination center is a unique and important
feature of this initiative, but because of its role in
facilitating the evaluation and given its priorities on
administration over scientific research, the coordina-
tion center itself was not evaluated. Therefore, this
decision was based primarily on resource and potential-
bias issues. In future studies, the broader evaluation of
the structural organization of the initiative as well as the
collaborative factors relevant to the coordination cen-
ter should be examined. This would be accomplished
best through an evaluation process conducted fully by a
team external to the initiative.

In conclusion, this study was conducted during the
start-up phase of a 5-year, transdisciplinary center ini-
tiative. Subsequent studies will be needed to determine
the empirical links between collaborative-readiness fac-
tors at the outset of an initiative and subsequent
collaborative processes and outcomes. Further investi-
gations are needed to identify the highest leverage
determinants of collaboration readiness and capacity—
that is, those that are linked most closely to important
scientific and health advances as they emerge over the
course of a team science initiative. A broader under-
standing of the relationships among collaborative-
readiness factors, collaborative capacity, and longer-
term collaborative impacts on health science, clinical
practice, and population well-being will enable funding
agencies to more effectively identify and support the
teams of researchers with the greatest potential to
succeed in complex cross-disciplinary research.

This article is based on a paper presented at the National
Cancer Institute Conference on The Science of Team
Science: Assessing the Value of Transdisciplinary Research
on October 30-31, 2006, in Bethesda MD. This research
was supported by an Intergovernmental Personnel Act
(IPA) contract to Daniel Stokols from the Division of
Cancer Control and Population Sciences of the NCI; by
Cancer Research and Training Award fellowships to Kara
L. Hall and Brandie K. Taylor; and by the NCI TREC
initiative. Additionally this research was supported by the
following TREC-center grants funded by the NCI: UO1
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Transdisciplinarity Among Tobacco Harm—Reduction

Researchers
A Network Analytic Approach

Keith G. Provan, PhD, Pamela I. Clark, PhD, Timothy Huerta, PhD

Abstract:

Progress in tobacco control and other areas of health research is thought to be heavily
influenced by the extent to which researchers are able to work with each other not only
within, but also across disciplines. This study provides an examination of the extent to
which researchers in the area of tobacco harm reduction work together. Specifically, data
were collected in 2005 from a national group of 67 top tobacco-control researchers from
eight broadly defined disciplines representing 17 areas of expertise. Network analysis was
utilized to examine the extent to which these researchers were engaged in research that
was interdisciplinary or transdisciplinary, based on the outcome or product attained.
Findings revealed that interdisciplinary network ties were much denser than transdisci-
plinary ties, but researchers in some disciplines were more likely to work across disciplines
than others, especially when synergistic outcomes resulted. The study demonstrates for the
first time how tobacco-control researchers work together, providing direction for policy
officials seeking to encourage greater transdisciplinarity. The study also demonstrates the
value of network-analysis methods for understanding research relationships in one
important area of health care.

(Am J Prev Med 2008;35(2S):S173-S181) © 2008 American Journal of Preventive Medicine

Introduction

n tobacco control, as in other areas of health

promotion, it is becoming increasingly apparent

that in order to make significant progress, a systems
approach must be utilized."”* In particular, those who
work in discrete areas of tobacco control, like public
policy or treatment or aerosol chemistry, must not only
recognize the value of the contributions of those in
other fields, like smoking topography, economics, and
genetics, but they must also learn to work across
disciplines in order to coordinate their activities and
behaviors. There are increasing pressures to have basic
and applied scientists work together to improve clinical
and population health practices and outcomes. An idea
gaining greater traction is that cross-disciplinary collab-
orations facilitate exposure to different theories, meth-
odologies, approaches, and research traditions that will
result in better-quality science, increased innovation,
and the accelerated translation of evidence into prac-
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tice.” Concepts such as collaboration, networks, cross-
disciplinary research, and knowledge translation are
changing the way scientists, practitioners, and policy-
makers think about the health-research enterprise.*

One key element of a systems approach is working
collaboratively through a network.”> A network com-
prises three or more individuals or organizations that
are connected through any type of tie, such as friend-
ship, resource-sharing, or work interactions. Ties may
range from tightly to loosely coupled,” may be formally
(such as transdisciplinary tobacco use research centers)
or more informally structured, and may be goal-
directed or serendipitous.’ In health research, collab-
orative networks can occur in many different ways and
involve many different types of individuals and organi-
zations, ranging from those who conduct basic research
to those who make policy and provide funding, to those
who provide actual treatment and related services. A
truly integrated system would involve a network of
collaborative efforts that spans all areas of research and
practice within a given health field and involves all key
individuals and organizations. While such a system may
be a long way off, and in practice may not even be
possible, it is not unreasonable to work toward a goal of
building greater network integration as a way of en-
hancing tobacco-control efforts.

One area of tobacco control that lends itself espe-
cially well to collaborative efforts is research.” Although
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cross-disciplinary collaboration has always been a fun-
damental part of creating good research, disciplinary
boundaries and narrowly defined areas of expertise
often result in silos of researchers who do not work
together across disciplinary boundaries or even talk
with one another to share ideas.® Each discipline has its
own theoretical perspectives, jargon, and tools and
methods—differences that must be overcome for trans-
disciplinary teams to make progress. Thus, the content
and outcomes of research are heavily affected by the
process, which is dependent on the network of interac-
tions among researchers.

The IOM has called for a shift to research that
engages investigators from multiple fields in order to
“capitalize on expanding knowledge of how genetic,
social, and environmental factors interact to influence
health.” Calls for greater cross-disciplinary collabora-
tion have become an important part of the research
agenda of major governmentresearch funding agen-
cies. For instance, several institutes of the NIH and the
Robert Wood Johnson Foundation have jointly funded
center grants to support Transdisciplinary Tobacco Use
Research Centers (TTURC),'” with actual and planned
investments of $145.5 million between 1999 and 2009
(G. Morgan, NCI Tobacco Control Research Branch,
personal communication, 2006).

Cross-Disciplinarity in Networks

While cross-disciplinary research networks have re-
ceived a good deal of attention as a preferred mecha-
nism for addressing complex problems, very little is
known about the nature of collaboration among re-
searchers. Stokols and co-workers'' have provided a
conceptual framework for evaluating transdisciplinary
science, and have examined the contextual circum-
stances faced by participating researchers in several
TTURGs, providing a foundation for evaluating the
outcomes of transdisciplinary science centers.

Even less is known about the extent of transdisci-
plinary research that occurs across informal networks
outside of funded centers. This lack of knowledge is
somewhat surprising, given the importance of the topic
and the explosive growth of social-network research in
recent years.>'” In particular, very little has been done to
understand the extent to which research in tobacco
control or other scientific endeavors is cross-disciplinary,
and if so, what this process looks like. Such knowl-
edge would be extremely helpful not only to those
who study research and knowledge-translation net-
works but also to those who fund, administer, and
work in research networks by providing a set of
guidelines or best practices for effective network
organization, development, and administration.

Cross-disciplinary network interactions and involve-
ment have been especially important in the area of
tobacco harm reduction, which has been defined by
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Stratton et al."” as “minimizing harms and decreasing
total morbidity and mortality, without completely elim-
inating tobacco and nicotine use.” Because tobacco use
is a complex problem—involving such things as tobac-
co-smoke chemistry, behavior of use, economics and
public policy, and epidemiology, among others—
researching harm reduction is by definition multidisci-
plinary. The research presented here is an examination
of the extent to which researchers in tobacco harm
reduction work together across disciplines, and what
outcomes occur as a result. In general, the idea is that
research needs to be understood as a network-level
phenomenon, involving multiple individuals who work
across disciplinary boundaries and develop products
and outcomes that could not be attained by working
independently.

This research is exploratory and was guided by
several research questions. First, what are the nature
and extent of the working relationships among the top
research scientists who study tobacco use? Second, do
tobacco-control researchers collaborate across, as well
as within, academic disciplines, and if so, what is the
structure of such interdisciplinary networks? Third,
what outcomes are achieved through interdisciplinary
network collaboration? And fourth, is the tobacco
harm-reduction network achieving transdisciplinarity,
and what is the structure of this network?

While there seems to be general agreement among
those who study the topic that cross-disciplinary research
is highly desirable as a way to advance science,” there is a
lack of clarity on the use of the terms wmultidisciplinary,
interdisciplinary, and transdisciplinary. A useful description
of these three forms of cross-disciplinary research has
been provided by Rosenfield,'* whose work is summa-
rized by Stokols et al.'” in the introductory paper of this
supplement to the American Journal of Preventive Medicine.
The distinctions made by these scholars have been drawn
on here to guide the research presented.

Research Methods
The Sample

The National Cancer Institute and the American Leg-
acy Foundation provided funding to create a formal
network of researchers involved with the science of
tobacco harm reduction. For this study, the top re-
searchers in tobacco-control research were invited to
join the Tobacco Harm-Reduction Network. Those
invited to participate constitute the sample utilized for
this project.

A sampling frame of participants was identified
through a key-word search of the NIH Computer
Retrieval of Information on Scientific Projects (CRISP)
and MedLine of the National Library of Medicine.
Through these databases, 167 principal investigators,
lead authors, or both were identified as potential
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Table 1. Disciplines of Tobacco Harm—Reduction Network members

Disciplines Fields included Frequency

Chemistry/toxicology Physical chemistry; organic chemistry; bio-organic chemistry; geo-organic 12
chemistry; toxicology; biochemistry

Epidemiology Epidemiology 4

Medicine/nursing/dentistry Medicine; nursing; dentistry 8

Other behavioral Behavioral sciences; health education; philosophy; communication research; 8
English; public health; education

Other bench Biophysics; physiology 2

Pharmacology Pharmacology; psychopharmacology 4

Policy/law/ethics Health policy; social policy; law 4

Psychology/psychiatry Psychology; clinical psychology; experimental psychology; health psychology; 25

physiologic psychology; social psychology

participants in the project. The invited participants for
the actual study were drawn from the list using reputa-
tional sampling.'® That is, a team of experts were
employed to select from the list of 167 those who
represented the most-accomplished researchers in
their individual fields of inquiry, based on funding,
publications, and general reputation in tobacco harm—
reduction research. Thus, the sample is biased in favor
of more-established researchers. A total of 68 potential
network members were identified and sent a member-
ship application in 2005, which included the questions
used. No effort was made to select researchers by area
of discipline.

It is important to note that while the Tobacco
Harm-Reduction Network does have members in the
formal sense of the term, consisting of the 68 top
researchers selected for the study, the findings and
analysis focus on the network of relationships estab-
lished by these researchers on their own as they con-
ducted their research. There was no formal meeting of
the Tobacco Harm-Reduction Network prior to data
collection, and members were asked only to report
their past work-based interactions with each other.

Measures

The membership application requested information on
the field of the highest earned degree, areas and extent
of expertise, and the nature of relationships among the
members and the products of those relationships. Of
the 68 members identified, 67 returned the application
(98.5% response rate).

Discipline was defined as the field in which the
respondent earned his or her highest academic degree.
Researchers were from a range of eight broadly defined
disciplines identified by the authors, including psychol-
ogy, medicine, policy, economics, pharmacy, epidemi-
ology, other behavioral, and other bench. The distribu-
tion of disciplines within the sample is reported in
Table 1.

Seventeen areas of expertise were identified a priori.
Respondents were asked to indicate their level of
expertise (none or limited, some, or strong) for each of the
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17 categories identified by the authors. The frequencies
and percent of Tobacco Harm-Reduction Network
researchers who reported their expertise as strong in
each area are reported in Table 2.

The membership application listed all 68 members
of the broadly-defined network, and each was requested
to indicate if he or she had had any previous work-
related interaction with any other member. If the
respondent answered yes to any interaction, she or he
was asked about the nature of the interaction (shared
information, worked as part of a team without a formal
arrangement, or worked as part of a team with a formal
arrangement like a contract, memorandum of agreement, joint
Sfunding, or formal sharing of resources).

Three additional items were asked about those with
whom respondents had interactions: Did the interaction
help shape your thinking or your approach to your work? (yes
or no—the measure of interdisciplinarity); Did the inter-
action lead to the production of a product, such as a journal
article or research proposal? (yes or no), and, if yes, Does the
product contain perspectives or elements that go beyond what
you could have developed on your own? (yes or no). These

Table 2. Frequencies and percent of Tobacco
Harm-Reduction Network members reporting strong
expertise in 17 tobacco harm-reduction content areas

Area of expertise Frequency %

Preclinical 13 19.4
Smoke chemistry 16 23.9
Smoking topography 20 29.9
Physiology 11 16.4
Addiction 35 52.2
Genetics 9 13.4
Clinical trials 12 17.9
Cessation 33 49.3
Adolescent smoking 21 31.3
Biomarkers 14 20.9
Advertising and promotions 9 13.4
Program evaluation 11 16.4
Tobacco industry 12 17.9
Population surveillance 14 20.9
Economics 4 6

Tobacco-control law 16 23.9
Ethics 9 13.4
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Table 3. Items for indexes of multidisciplinary, interdisciplinary, and transdisciplinary relationships among Tobacco Harm—

Reduction Network members

Multidisciplinary Interdisciplinary Transdisciplinary

Item relationship relationship relationship
Highest degree from different discipline Yes Yes Yes

No interaction Yes

Shared information Yes Yes
Worked on team with or without contract Yes Yes
Resulted in a product Yes
Product contained elements beyond what you Yes

could have developed on own

last two questions were both considered to be measures
of transdisciplinarity, although because they were
highly correlated (0.94), only the second one was used
in the analysis. An overview is provided in Table 3.
Multidisciplinary relationships occurred simply by vir-
tue of having multiple disciplines represented in the
Tobacco Harm-Reduction Network, regardless of
whether or not interactions took place.

To increase the reliability of responses, network
interactions were counted only if both parties in the
relationship agreed that there was indeed a relation-
ship. This confirmation procedure minimized the like-
lihood that results would be affected by respondents
who claimed network relationships, when, in fact, such
relationships did not actually exist. When there was a
discrepancy about the exact type of relationship, a
conservative approach was used, coding the data based
on the least-formal type of tie mentioned by either
party. However, more than 70% of all relationships
were reported identically by both respondents. Data
were also coded so that if one person reported a
transdisciplinary tie but the other reported only an
interdisciplinary tie, it was counted as interdisciplinary.
Finally, because respondents were completing the sur-
vey as part of an application for membership in a
network into which they had already been accepted,
there was little incentive to inflate responses. Network
relationships were then arrayed in a matrix form and
analyzed using UCINET 6, the most commonly utilized
network analysis software. Matrixes were subjected to

data and variable quality tests to ensure the robustness
of the data-collection practices and to minimize coding
errors. Separate network matrices were constructed for
interdisciplinary and transdisciplinary outcomes, al-
though analytical efforts focused primarily on the trans-
disciplinary matrix. Networks were also displayed
graphically using a network-visualization tool called
NetDraw.

Results and Discussion

The overall network findings (Table 4) include a
number of statistics indicating the network structure,
or the relative positioning of actors within the net-
work. The table reports statistics for both the inter-
disciplinary (no outcome) network and the transdis-
ciplinary (a synergistic outcome) THR network.
Using the confirmed linking process described
above, network density for any type of tie (interdiscipli-
nary or multidisciplinary) was 0.326. Density refers to
the connectivity of the full network. If every one of the
67 researchers responding to the questions was linked
to every other researcher listed, the network would be
completely connected. This would result in a network
density score of 1.00. The finding that slightly less than
one-third of total possible network connections were
actually occurring may seem low to those unfamiliar
with network analysis, but it actually indicates a well-
connected network, especially because the network
studied has so many members. Overall density breaks

Table 4. Comparative statistics for interdisciplinary (no outcome) and transdisciplinary (synergistic outcome) tobacco harm—

reduction networks (n=67)

Inter- Trans-

Network measure disciplinary disciplinary Concept definition

Network density 32.56 7.10 Total actual number of connections as a percentage of
total possible connections

Degree centrality 0-0.79 0-0.30 Range of number of individual connections (normalized)

Network betweenness 1.10 1.80 Extent to which actors mediate, or fall between, any other
two actors on the shortest path between those actors

Network centralization 0.06 0.18 The extent to which a network is centralized around one

index or a few actors

Fragmentation 0.36 0.68 The percentage of pairs of actors that are unreachable
from each other

Inclusiveness 0.98 0.85 The percentage of actors connected to others
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down to network-density scores of 0.226 for shared-
information ties, 0.061 for working as part of a team
with no formal arrangement like a contract, and 0.038
for working as part of a formal team with a contract or
similar formal arrangement. Thus, the vast majority of
ties involved relatively low-intensity interactions based
on shared information.

Several measures of centrality are presented. The
first, degree centrality, is simply the number of connec-
tions maintained by any individual in the network.
Table 4 reports the range of these scores, normalized. It
can be seen that the most central individual in the
interdisciplinary network was more than 2.5 times as
connected to others as the most central individual in
the transdisciplinary network (0.79 vs 0.30). It is likely
that this is because interdisciplinary ties are less inten-
sive, allowing some individual researchers to develop a
large number of relatively weak ties. Betweenness cen-
trality provides a somewhat different measure of the
degree to which individuals within the network are
connected to other individuals. With betweenness, an
individual is more central if he or she brokers the
connection between two individuals along the shortest
path (i.e., fewest links). Thus, unlike degree centrality,
indirect ties are considered. When reported at the
network level, the statistic represents the prevalence of
betweenness centrality across all possible connections
in the network. A higher number means that there are
fewer direct routes between people, and thus brokerage
is more essential to bridge across network members.
The results indicated that individuals in transdisci-
plinary relationships were 61% (1.1/1.8) more likely to
be on a brokered path linking any two other members
of the network, indicative of the increased interdepen-
dency on specific actors to facilitate communication in
sparser networks. The transdisciplinary ties were also
more centralized (0.18 versus 0.06), meaning that they
tended to cluster around fewer individuals, as opposed
to interdisciplinary relationships, in which central ac-
tors were more dispersed across the full network.
Consistent with these findings, the transdisciplinary
network was also more fragmented and less inclusive.

A comparison of the multidisciplinary and the trans-
disciplinary networks can best be demonstrated by
examining plots, or graphs, of the two networks (Fig-
ures 1 and 2). What is visually evident from these plots
is that connectedness is much more widespread across
the network when using interdisciplinary rather than
transdisciplinary criteria, which is reflected statistically
in the density scores of the two networks. Specifically,
the transdisciplinary network density is only 0.071 ver-
sus 0.326 for the interdisciplinary network. Many more
researchers are involved in network interactions that
involve no product as an outcome, with many fewer
involved in product-based interactions. This, of course,
is to be expected, given the complexity and intensity of
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developing and maintaining transdisciplinary, synergy-
based interactions.

What can also be seen from Figures 1 and 2 is that
researchers from all disciplines are involved in both
types of networks. However, especially with the trans-
disciplinary network, it can be seen that many of the
interactions that result in a research product were not
actually occurring across disciplines. For instance, al-
though psychologists (solid blue square) are actively
involved in the network (Figure 2), many of their
interactions were with one another, rather than across
disciplinary boundaries. Chemists (black triangles) en-
gaged with one other in much the same way. Notably,
there were few connections between chemists and
psychologists, indicated by their relatively opposite po-
sitioning in the network map. Finally, the figures show
that there is only one isolate (in policy—the grey box
marked with +) in the interdisciplinary network, while
in the transdisciplinary outcome-based network, there
are ten isolates from a broad range of disciplines. Thus,
fewer researchers are involved at all in these more
complex, outcome-based relationships, which are diffi-
cult to build and maintain. Getting more of these
isolates involved in transdisciplinary research would
seem to be a highly desirable policy goal. Isolates are
displayed in the left column of the figures and reflect
those individual researchers who are not connected in
any way to others within the network. This phenome-
non is identified in Table 4 as inclusiveness.

To examine in greater depth the extent to which
synergistic outcomes are occurring due to interac-
tions across disciplines (i.e., transdisciplinarity),
within-discipline network ties were analyzed versus
across-discipline ties for both no outcome and syner-
gistic outcomes. The findings (Table 5) indicate that
what is known in the network literature as homophily,
or the tendency to interact with people having simi-
lar backgrounds, is much more prevalent in some
disciplines than others, at least regarding research on
tobacco harm reduction.

The scores in Table 5 reflect the actual mean num-
ber of ties of each type maintained by researchers
within each discipline. For instance, for the discipline
labeled medicine, the mean number of ties to other
medicine researchers was 2.13 for relationships where
there was no outcome versus 11.2 mean connections
(also no outcome) with Tobacco Harm-Reduction
Network researchers outside the discipline of medicine
(see also the red circles in the two figures). The actual
numbers should be compared with the total number of
respondents in that discipline. In the case of medicine,
there were eight researchers, so the maximum number
of ties to others in medicine could be seven (excludes
ties to one’s self). This compares with the potential
number of transdisciplinary ties, which is quite large.
Specifically, it is equal to the full size of the Tobacco
Harm-Reduction Network (n=67) minus the total
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Figure 2. Plot of the Tobacco Harm-Reduction Network
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number of respondents in a particular discipline (eight
in medicine).

Not surprisingly, given the large numbers of out-of-
discipline respondents, the findings indicate that there
were always more ties across disciplines (heterophily)
than within disciplines (homophily), regardless of
whether or not there was a synergistic outcome. How-
ever, for both psychology and chemistry, the two largest
groups, cross-disciplinary ties were only slightly greater
than ties within the discipline. This suggests that these
two groups of researchers tend to favor work among
themselves more so than the other disciplinary groups
studied. In contrast, for medicine, policy, pharmacol-
ogy, and epidemiology, working across disciplines was
much more commonplace.

Finally, Table 5 shows that although transdisciplinary
ties with synergistic outcomes occurred far less fre-
quently than did interdisciplinary ties with no out-
comes, when synergistic outcomes did occur, they were
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by discipline—any type of link, synergistic outcomes

far more likely to result from cross-disciplinary, het-
erophilous relationships than from homophilous ones.
This was also true of no-outcome links, but to a much
lesser extent. Specifically, the mean relationships per
individual for interdisciplinary, no-outcome ties in-
creased from 2.90 to 7.85 when ties were heterophilous,
an increase of 271%. In contrast, mean relationships
for transdisciplinary synergistic outcome ties increased
from 0.34 to 1.82, a jump of 535%. Thus, for research-
ers seeking synergistic outcomes, there appears to be a
substantial benefit to working with others outside their
discipline rather than working solely within their
discipline.

Conclusion

This is a first effort to examine, using network analytical
techniques, how health researchers in tobacco control
collaborate, and ultimately, how such collaborative
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Table 5. Comparison of homophily versus heterophily: network ties across disciplines

Interdisciplinary: no outcomes

Transdisciplinary: synergistic outcomes

Average number of
connections to
researchers in the
same discipline

Average number of
connections to
researchers in
other disciplines

Average number of
connections to
researchers in the
same discipline

Average number of
connections to
researchers in
other disciplines

Discipline (Homophily) (Heterophily) (Homophily) (Heterophily)
Medicine (n=8) 2.13 11.20 0.00 2.19
Psychology (n=25) 5.00 5.72 0.84 1.16
Chemistry (n=12) 2.17 4.71 0.50 1.46
Policy (n=4) 0.25 7.38 0.00 2.00
Other behavioral (n=8) 1.88 10.30 0.63 1.69
Epidemiology (n=4) 1.25 12.60 0.50 5.00
Other bench (n=2) 0.50 8.50 0.00 0.50
Pharmacology (n=4) 1.00 14.12 0.25 3.88
Mean/individual 2.90 7.85 0.34 1.82

efforts produce transdisciplinary outcomes. The re-
search has important implications for understanding
the nature and extent of collaboration that occurs
independent of any policy interventions. Based on
findings from this initial mapping of the Tobacco
Harm—Reduction Network, network researchers can
readily see which types of cross-disciplinary collabora-
tive efforts are most likely and which are most (and
least) effective, from an outcome perspective. Health
policymakers and funders can also draw on this infor-
mation to provide incentives to researchers to collabo-
rate more effectively, thereby resulting in transdisci-
plinary outcomes that can help advance the study of
tobacco harm reduction.

Network analysis has been utilized in the past to
examine relationships among health services organiza-
tions,'”'® but not in previous work about health re-
searchers.'” The current study has shown that network
analysis can be utilized to help understand, in a de-
tailed way, both the extent and nature of collaborative
relationships among individuals working within a par-
ticular health field, like tobacco control. Future re-
search should build on what has been done in this
study, possibly examining in greater detail the out
comes of transdisciplinary collaborations. In addition,
longitudinal research efforts would demonstrate the
shifting patterns of research from interdisciplinary ties
to greater transdisciplinarity. Longitudinal research is
especially appropriate for examining transdisciplinary
relationships that are newly formed. Such relationships
are likely to be cautious at first, then evolve toward
greater involvement and more synergistic outcomes as
trust builds and knowledge-sharing becomes more
intensive.'®'

There are clear limitations to the work presented
here. For one thing, it is unclear whether or not the
results found are generalizable to other groups of
health researchers. This study is exploratory and de-
signed primarily to demonstrate the usefulness of net-
work analysis for understanding cross-disciplinary en-
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gagements among researchers within a single health
research field. Work on researchers in other fields is
clearly called for, building on the methods and findings
used in this study. Second, the issue of transdisciplinar-
ity must be explored further, using more sophisticated
methods. This study has operationalized both the out-
comes and cross-disciplinarity of transdisciplinary re-
search. However, it is clear that more detailed measures
of outcomes could be assessed, and the issue of what
actually constitutes a discipline might be refined. In
particular, while the logic of transdisciplinarity is well-
accepted, there has been little actual evidence that such
relationships result in more or better outcomes than
more traditional interdisciplinary work.

Third, the findings reported here are based on
self-reports. A conservative approach of requiring
confirmation of a tie by both partners was utilized,
thereby enhancing the reliability of the interaction
data. However, a more conservative approach would
have been to examine actual working relationships as
well, based on existing publication and grant data.
Finally, it would be quite helpful to focus on transdisci-
plinary research networks in a more narrow way. Specifi-
cally, it would be useful to know if transdisciplinary
relationships in various health fields occur across a full
network of researchers or within more narrowly defined
subnetworks, or cliques, consisting of, perhaps, no more
than four or five researchers. It seems unreasonable to
think that transdisciplinarity in any field should occur
across a full network of scores of researchers rather
than within more tightly specified clusters.

No financial disclosures were reported by the authors of this
paper.
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Challenges for Multilevel Health Disparities Research

in a Transdisciplinary Environment

John H. Holmes, PhD, Amy Lehman, MAS, Erinn Hade, MS, Amy K. Ferketich, PhD, Sarah Gehlert, PhD,

Garth H. Rauscher, PhD, Judith Abrams, PhD, Chloe E. Bird, PhD

Abstract:

Numerous factors play a part in health disparities. Although health disparities are
manifested at the level of the individual, other contexts should be considered when
investigating the associations of disparities with clinical outcomes. These contexts include
families, neighborhoods, social organizations, and healthcare facilities. This paper reports
on health disparities research as a multilevel research domain from the perspective of a
large national initiative. The Centers for Population Health and Health Disparities
(CPHHD) program was established by the NIH to examine the highly dimensional,
complex nature of disparities and their effects on health. Because of its inherently
transdisciplinary nature, the CPHHD program provides a unique environment in which to
perform multilevel health disparities research. During the course of the program, the
CPHHD centers have experienced challenges specific to this type of research. The
challenges were categorized along three axes: sources of subjects and data, data charac-
teristics, and multilevel analysis and interpretation. The CPHHDs collectively offer a
unique example of how these challenges are met; just as importantly, they reveal a broad
range of issues that health disparities researchers should consider as they pursue
transdisciplinary investigations in this domain, particularly in the context of a large team
science initiative.

(Am J Prev Med 2008;35(2S):5182-S192) © 2008 American Journal of Preventive Medicine

Introduction and Rationale

t has been well-established that racial and ethnic

minorities and individuals with fewer economic re-

sources suffer a disproportionate burden of illness
and death in the U.S. Such health disparities have been
documented in many diseases and conditions, including
cardiovascular disease,? cancer,® HIV/AIDS,* and infant
mortality.” Additionally, racial and socioeconomic dispar-
ities have been observed for health behaviors, such as
cancer screening®’ and smoking.®~'*

Although gaps have narrowed over time for some
health behaviors, many have not. Moreover, health
services research indicates that even where disparities
in processes of care (e.g., screening) have been ad-
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dressed, disparities in general, as well as gaps in inter-
mediate outcomes (e.g., achieving control of blood
sugar,"! blood pressure,'® and cholesterol'?), persist.
However, a recent survey of Medicare recipients found
that self-reports failed to identify racial/ethnic dispari-
ties in mammography screening that were apparent
from claims data.!* This, in combination with a recent
meta-analysis of the inaccuracy of cancer screening
self-reports,'” suggests that significant disparities in
cancer-screening prevalence in the U.S. are being
masked by differential over-reporting. Despite these
biases, the problem of health disparities is so great that
the USDHHS has made the elimination of disparities in
health and health care one of the two major objectives
of Healthy People 2010."°

Trends in Health Disparities

In some instances, disparities in health by race/ethnicity
and SES have been increasing over the past decade.'”
Silva et al.'® reported findings on changes in both black—
white and low—high income disparities over time for 22
select causes of death, communicable diseases, and
birth outcomes in Chicago between 1979-1981 and
1996-1998. The authors reported that for 19 of the 22
causes, the black—white rate ratio significantly increased
over time, suggesting that racial disparities have in-
creased over the 18-year period. Similarly, for 14 of the
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16 measures included in the low—high income dispari-
ties analysis, the rate ratio increased between 1979-
1981 and 1996-1998.

Starting around 1980, different trends in coronary
heart disease (CHD) mortality have been observed for
black and white men and women.'®2! Since 1980, the
rate of CHD mortality has declined more rapidly
among white men compared to black men in the U.S.
While a similar pattern has emerged among women,
more striking is the observation that the trend lines
crossed in the mid-1980s, and now black women have
higher death rates than white women. These and other
studies of health disparity make it clear that progress
toward reducing health disparities in the U.S. is, at best,
much slower than hoped, and in many cases disparities
have increased rather than decreased.

Traditional etiologic approaches to studying dispari-
ties have often been limited in scope with respect to
data-collection and analysis strategies, leaving research-
ers to draw conclusions that are consistent with their
data but sometimes require large inferential leaps. For
example, many studies have found that census-tract SES
explains much of the black—white disparity in breast
cancer stage at diagnosis.”* While these studies suggest
that disparities are largely driven by social factors, they
say little about the exact proximal or distal causes of the
disparity. Conclusions about the causes of disparity that
are drawn from such studies are potentially and justifi-
ably open to criticism.”” For example, individual-level
health behaviors may or may not be influenced by
environmental factors that may be bundled with SES; in
a real sense, SES proxies these other factors without
providing any real information about them. In their
work on transdisciplinary approaches to the etiology of
cancer, Hiatt and Breen®* note the importance of
environmental and socioeconomic factors as part of the
web of causation, specifically at the level of social
determinants; these factors include characteristics of
the built environment. Whereas their model was devel-
oped from a focus on cancer, it is applicable to many
other health outcomes such as heart disease, hyperten-
sion, and diabetes, all of which may be mediated by
broadly defined social determinants. Focusing on such
characteristics as census tract-specific SES as a sole
predictor of such outcomes ignores the influence of
more specific and potentially more informative vari-
ables such as the neighborhood availability of sidewalks,
grocery stores, and recreational facilities.

A Multilevel Approach to Studying
Health Disparities

A growing body of research demonstrates that health
disparities constitute a highly complex problem do-
main that both exists and operates on many different
levels.”™** In other words, many disparities that affect
an individual’s opportunity to pursue a healthy life
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occur above and beyond individual-level characteristics,
resources, and behaviors. One example is residential
environment: An individual living in a high-risk or
resource-poor environment may acquire over time a
biological disadvantage relative to someone with similar
personal characteristics living in a more salutary envi-
ronment.””> This example suggests only one of many
ways in which health disparities may be attributable to a
wide range of contextual factors operating beyond the
individual level.

Advantages of Multilevel Research in Studying
Health Disparities

There are several reasons for applying the concepts and
tools of multilevel research to health disparities. First,
only multilevel research can examine the effects of one
factor at one level (e.g., personal behaviors) while
controlling for potential confounding at another level
(e.g., neighborhood differences), or examine the inter-
actions among factors situated at different levels. An
example of such an interaction is seen in the effect of
social isolation on the expression of genes in breast
cancer.”® This potentially complex interaction had pre-
viously been identified as a limitation of disparities
research, requiring that the researcher assume that an
effect is not confounded by a factor at another level of
analysis. Only multilevel research can examine how
individual behaviors that influence risk for disease are
themselves influenced by larger societal factors such as
access to quality health care, social networks, and
neighborhood resources. Larger societal factors, such
as poverty, can also influence the risk of disease
through mechanisms other than health behaviors. So-
cial isolation is higher in neighborhoods with outdated
infrastructure, characterized by such features as poorly
maintained and inadequate utility systems, the lack of
availability of services and commerce, and the inade-
quate ability of public safety agencies to respond to
emergencies.” Understanding the interplay among
etiologic factors situated at different levels of analysis
will enable interventions to be targeted with greater
precision, thus better ensuring their success.
Multilevel studies are not easy to undertake; they
require a comprehensive conceptual model of etiologic
factors that are distributed across multiple levels, data
collection from multiple sources, and appropriate sta-
tistical models to account for the relationships among
various levels of analysis. With this in mind, NIH
recently funded eight Centers for Population Health
and Health Disparities (CPHHDs) whose mission is to
foster and conduct transdisciplinary health disparities
research across multiple levels, pathways, or contexts.
This paper highlights some of the key lessons learned
through the authors’ transdisciplinary collaborations
within and among centers. First described is the con-
ceptual model that forms the basis for the CPHHD
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initiative; then specific exam- Biostatistics
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. . Sociology/anthropology
centers are provided to high- Genetics

light the special issues and chal-
lenges encountered in multi-
level statistical analyses. Finally,
the authors’ experience in the
CPHHD is summarized, and
suggestions for future directions
in evaluating transdisciplinary
research are presented.
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established the eight CPHHDs
to conduct cutting-edge re-
search to understand and re-
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outcomes, access, and care:
the ways the social and physi-
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cal environment, behavioral
factors, and biologic pathways
interact to determine health
and disease in populations. The centers include the
University of Illinois at Chicago, the University of
Chicago, Tufts and Northeastern universities, the
RAND Corporation, the University of Texas Medical
Branch, The Ohio State University, Wayne State Uni-
versity, and the University of Pennsylvania. Projects at
the centers focus variously on obesity, cardiovascular
disease, breast cancer, prostate cancer, cervical cancer,
mental health, gene—environment interactions, psycho-
social stress, and other factors affecting low-income
whites, African Americans, Hispanics, and the elderly.

The CPHHDs As a Laboratory for
Transdisciplinary Research

Before examining the transdisciplinarity of the CPHHDs,
it is important to consider the distinctions among multi-
disciplinary, interdisciplinary, and transdisciplinary re-
search. In multidisciplinary research, scientists from dif-
ferent fields work independently but bring their expertise
to solve a problem that is addressed through a mosaic
of activity; each scientist represents and acts only within
his or her own domain. Interdisciplinary research re-
quires more integration of multiple scientific perspec-
tives, but researchers retain their discipline-specific
grounding. Transdisciplinary research differs from
these in that scientists not only collaborate and inte-
grate their respective discipline-specific expertise, but
do so within the context of a new, common conceptual
framework that transcends the frameworks used within
their respective disciplines.*®*”
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Figure 1. Disciplines represented across the CPHHDs, ranked by prevalence

The CPHHDs are intrinsically multidisciplinary in
that many disciplines are represented within and
across them, as illustrated in Figure 1. Specifically,
the eight CPHHDs together represent 42 disciplines,
which can be grouped into biological and clinical
sciences; media and communications; public health,
policy, and planning; social and behavioral sciences;
and biomechanics/statistics.>®

While Figure 1 reveals that many different disciplines
are represented in the CPHHD program, it does not
show how these disciplines are spread across the cen-
ters, nor does it suggest the interdisciplinary nature of
the CPHHD. In fact, the individual centers and the
CPHHD initiative as a whole are highly interdiscipli-
nary, in that many different disciplines are represented
on each component project at each center. Further-
more, these projects typically require considerable col-
laboration and a degree of integration. Table 1 shows
the various disciplines involved in the CPHHD initiative
grouped by center, and represents the opportunities
for horizontal and vertical integration that are critical
to transdisciplinary research.**"

The CPHHD initiative fosters both vertical-integration
dimensions in supporting collaborative, integrative
health disparities research at the centers as well as
horizontal collaboration and integration across the
centers. This suggests that the CPHHD initiative is not
only interdisciplinary but transdisciplinary as well, but
transdisciplinarity can be an elusive characteristic to

measure.37’39
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Table 1. The disciplines of the CPHHDs

UIC Chicago OSU

Penn UTMB WSU Tufts RAND

Biological sciences
Biopsychology
Genetics
Nutrition
Oncology X

Clinical sciences
Clinical/community/health psychology
Geriatrics
Nursing
Pathology
Other medical specialties, general practice

Media and communications
Communication research
Journalism/media relations
Marketing research/management

Public health, policy, and planning
Environmental health
Epidemiology
Health services research
Law, public policy, and administration
Public health education/behavior
Urban planning

Social and behavioral sciences
Demography
Economics
Education
Psychology®
Sociology/anthropology
Social work

Biomechanics/statistics
Biostatistics
Computer sciences
Engineering
Informatics X
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“Includes cognitive, developmental, educational, and social psychology

CPHHDs, Centers for Population Health and Health Disparities; Chicago, University of Chicago; OSU, The Ohio State University; Penn,
University of Pennsylvania; RAND, the RAND Corporation; Tufts, Tufts and Northeastern universities; UIC, University of Illinois at Chicago;
UTMB, University of Texas Medical Branch; WSU, Wayne State University

To capture evidence of collaboration and the emer-
gence of transdisciplinary research, the CPHHD evalu-
ation working group conducts an annual survey of the
investigators at each center. The conceptual model
shown in Figure 2 was used both to develop the survey
instrument and as a guide for evaluating the CPHHD
program as a whole. In this model, a temporal series of
transdisciplinary processes are grouped as immediate
markers, intermediate markers, short-term outcomes,
and long-term outcomes. (The CPHHD model is simi-
lar to the antecedent—process—outcome model pro-
posed by Stokols et al.*””) The responses to the survey
were coded, using the specific markers and outcomes
represented in the boxes. For example, transdisciplinary
integration would be evidenced by the integration of
methods, models, and findings from at least two disci-
plines. To this end, the surveys focused on five domains
of transdiciplinary science. Evidence of (1) collabora-
tion was seen in the participation of schools, healthcare
institutions, and community organizations; of (2) ca-
pacity building in new seminars and conference series,
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and increased institutional commitment to infrastruc-
ture and other support; of (3) integration in the
development of new, multipurpose databases; common
conceptual language pertaining to health disparities;
and new analytic methods; of (4) knowledge in the
emergence of new lines of inquiry; multicenter and
transdisciplinary manuscripts (such as this one); and
new grant applications; and of (5) innovation in the
development of new instruments and analytic methods.
In addition to the annual survey, progress toward
transdisciplinarity was assessed using social-network
analysis.' Investigators and researchers at each center
participated in a self-administered survey aimed at
identifying collaborators and their disciplines. The
social-network data are currently being analyzed.
There is substantial evidence of the emergence of a
new, transdisciplinary science of health disparities re-
search across the CPHHD program. The CPHHDs face
a number of challenges to achieving transdisciplinary
functioning, such as developing a shared lexicon, pool-
ing the best of disciplinary theories, deciding upon a

Am | Prev Med 2008;35(2S) $185



Community Stakeholder — Investigator Incubator

Investigator
development

Methods

Community
stakeholder
participation/
integration
7y

Dissemination

Publication

>
Translation of
knowledge Policy
v
Increased
awareness - Training

0

Sesseesesescsosscesscsshocssscsncessrcesfsosceosscosceorcscnssesnsessiespressecoscscosose’

\ 4 iscipli
: Transdisciplinary ientifi
Collaboration . > Integration = i:s;evr;ttlif;
: > Community « >
E ~ empowerment
Transdisciplinary H v
activity/capacity E
building : [ :
: > Interventions Health outcomes
INPUTS ACTIVITIES OUTPUTS OUTCOMES OUTCOMES

Immediate markers Intermediate markers

What we invest What we do, who we reach

A

Short-term outcomes Long-term outcomes

Learning and action Ultimate transformations

Transdisciplinary processes B

Figure 2. The logic model for the CPHHDs

shared research design or designs, and determining the
best methods for analyzing data. Nevertheless, multi-
level analysis distinguishes itself among these signifi-
cant challenges, and in a mid-course survey conducted
in 2006, CPHHD investigators listed multilevel analysis
as the single greatest challenge facing their centers.
One reason for this is that multilevel research demands
a level of interaction that is much greater than is
characteristic of monodisciplinary or traditional multi-
disciplinary collaboration. In the multilevel research
discussed in this paper, clinicians, social scientists,
informaticians, statisticians, and health communication
experts have worked together in highly evolved teams
that address facets of health disparities issues that are
out of their normal disciplinary sphere. Accordingly,
the authors found that multilevel research provides an
extraordinary domain for transdisciplinary research, in
that investigators form and participate in highly collab-
orative, integrative relationships that transcend their
own disciplines. In addition, through its focus on
linking science, training, and application to public
health practice and policy, the CPHHD initiative pro-
vides a unique environment for multilevel health dis-
parities research—one that connects the scientific dis-
covery and training phases of team science with the
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translational, health-improvement goals of transdisci-
plinary action research.*’

Challenges and Solutions of Multilevel Analysis
and the CPHHDs

The following section outlines shared challenges to
performing multilevel analyses across the CPHHD pro-
gram and the solutions that have been developed to
address them. Most of these challenges parallel the
issues raised in the introduction to this supplement,
including the need for conceptual frameworks, meth-
odologic and analytic issues, and translational initia-
tives. The focus here is on the first two sets of issues,
grouping specific challenges along three conceptual
axes: sources of subjects and data, data characteristics,
and multilevel analysis and interpretation.

Sources of Subjects and Data

Challenge: the number of sites (clusters) for study. An
unusually large or small number of sites (clusters) from
which participants are recruited may affect a statistical
analysis. For example, the original Ohio State Univer-
sity CPHHD analysis plan was to use a survey approach
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to account for interclass correlation among subjects at
the same clinic. However, computational issues result-
ing from the small number of clinics (N=14) prevented
investigators from developing models with adequate
numbers of covariates. The current analysis strategy is
to fit mixed models (i.e., hierarchical linear models)
that incorporate the site as a random effect rather than
survey-based models.

Challenge: a limited number of observations per cluster.
The University of Illinois at Chicago is examining the
hypothesis that the racial and ethnic disparities in stage
at diagnosis and treatment for breast cancer can be
explained in part by differences in healthcare facilities.
Random-intercept models will be used to account for
the clustering of patients within facilities. The roughly
900 patients in the study are distributed across more
than 60 facilities in Chicago that detect, diagnose, and
treat breast cancer, and many facilities have only one
patient associated with them. For example, there are
more than 40 breast-surgery facilities with only one
affiliated patient in the study. Because clusters with a
single observation contribute only to the estimation of
between-level parameters and not to within-level pa-
rameters, the variation associated with smaller facilities
(i.e., cluster size=1) would be missed. One solution to
this problem would be to group facilities when cluster
size=1 into a smaller number of clusters with common
attributes (e.g., facility type, location) so that most or all
clusters would have a sample size >1.

Challenge: incorporating census information. Analyses
across CPHHDs will almost certainly incorporate cen-
sus information at some point. Decisions, therefore,
must be made about how to define variables appropri-
ately, to deal effectively with sparse populations in
census regions, and to geocode participants’ addresses.
The Ohio State University CPHHD recruits patients
from clinics in 14 counties in Appalachian Ohio. In
order to geocode the location of each participant,
interviewers were given a hand-held device which mea-
sured the latitude and longitude at the site of the
interview. The data were then used to determine the
census tract for each participant. Because of the rural
locations as well as issues with the devices, it has been
difficult to assign the proper census tract for some of
the observations based on the device data. The investi-
gators have been able to determine the census tracts for
some of the participants by entering the street address
in the Census Bureau’s website. They are currently
working to resolve the few cases where the calculated
tract and the tract from the Census Bureau’s website do
not agree.

A challenge faced by the University of Illinois at
Chicago CPHHD is how to obtain the best imputation
of patient SES using census data derived at the level of
the census tract. Census-data associations with disease
represent a mixture of area-level and individual-level
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effects. In order to impute patientlevel SES as accu-
rately as possible, this CPHHD stratified census-tract
information into nine separate cross-classifications of
age and race. They then assigned census tract—, age-,
and race-specific estimates for the percentage below
the federal poverty level to each individual accordingly,
and used these estimates as imputations of individual-
level poverty status. An alternative and more traditional
approach is to assign the mean poverty level in a census
tract to all patients residing in that tract without regard
to other patient attributes. The investigators here
found that the former approach resulted in more
parsimonious models than the latter. When poverty
status was assigned solely based on patient census tract,
models of poverty and race in predicting stage at
breast-cancer diagnosis contained nonlinear effects,
and race and poverty interacted. On the other hand,
when poverty status was assigned based on patient
census tract, age, and race, all effects were linear, and
the final model did not contain any interactions among
age, race, and census tract. Because of the availability of
common demographic variables such as age and race,
this approach could be generalized to other settings
where researchers need to develop a poverty-status
indicator.

Another problem was encountered when imputing
poverty status from census data. Estimates of poverty
within census age—race groups are often based on sparse
data, and therefore are less precise and more likely to be
biased. One possible solution to this problem is to use an
empirical Bayes approach to model estimates in a manner
that would shrink unstable estimates toward the overall
census tract mean, with the extent of shrinkage depend-
ing on how sparse the stratum-specific data are relative to
the data for that census tract. University of Illinois at
Chicago investigators found that using empirical Bayes to
estimate poverty within census age-race groups pro-
vided no advantage over using more traditional (and
simpler) estimation methods, and the results were
similar in both cases. This finding made sense, given
that sparsely populated census age-race strata would
tend to contribute little to the overall association
between poverty and stage at diagnosis.

The RAND project examining data from the third
national health and nutrition examination survey
(NHANES III) focuses on the socioeconomic environ-
ment, the socio-structural environment, and the quality
of neighborhoods. Many contextual variables were de-
rived from the U.S. Census 1990 and 2000 data (inter-
polating for intercensal years and extrapolating from
2000 forward); neighborhood characteristics were mea-
sured at the census-tract level. To link the geographic-
and individual-level data, study participants’ residential
addresses required geocoding, which in turn necessi-
tated a decision about the level of geocoding to be
performed (e.g., ZIP code, census tract, or block
group). Other considerations included determining
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which geocoded measures of physical and social char-
acteristics of neighborhoods were most relevant to
individual health, and whether the potential effects of
continuously measured neighborhood characteristics
were likely to manifest themselves across a continuum
or emerge at some threshold level. The RAND project
focused on the effects of environments at the most
immediate level of living—the neighborhood. Environ-
ment at the census tract was first considered, to ensure
homogenous populations and smaller spatial areas.
However, the characteristics of larger administrative
units (e.g., county or metropolitan statistical area) were
also considered, to investigate whether larger economic
considerations (e.g., job availability, unemployment,
levels of inequality within regions) may play a role in
outcomes.

Challenge: using existing data from other research
studies. Health disparities research often incorporates
existing data from studies that were not designed to
collect multilevel data. These data present special chal-
lenges for researchers wishing to use multilevel analysis.
In particular, CPHHD researchers have encountered
challenges using existing-survey data as well as clinical-
trials data.

Working with existing survey data typically does not
allow researchers to consider examining self-defined
neighborhood levels. This limitation is both advanta-
geous and disadvantageous; for example, individuals
may infrequent contact with areas of their census tract
that drive many of the average characteristics of the
entire census tract. However, the existence of objective
data avoids the problems of reverse causality whereby
individuals with poorer health may report more nega-
tively on their residential environment, either because
of differences in their perceptions of the environment
(e.g., reporting more or less disorder or disadvantage)
or because of their experience of the environment
(e.g., greater difficulty with poor air quality).

As with many large sample surveys, NHANES III data
are not limited to questionnaire items, but include
physical exam and biomarker information as well. With
the addition of census data, multilevel models could
explore potential interactions that may arise from
social-determinants-of-health outcome etiology; among
others, these include whether the impact of neighbor-
hood SES and built-environment characteristics varies
with individual SES, how it varies, and whether such
interactions help to explain health disparities.24 For
example, do the effects of neighborhood SES on spe-
cific health behaviors vary by gender or race/ethnicity?

Other types of studies offer the potential for multi-
level research, but pose challenges as well. For exam-
ple, the RAND CPHHD is developing multilevel models
using observational and clinical-trial data from the
women’s health initiative. These data pose a particular
challenge in that there is clustering at the level of
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“medical center.” In addition, some metropolitan sta-
tistical areas may have several medical centers, while
participants may be enrolled in a center that serves
several metropolitan statistical areas. Investigators at
the University of Pennsylvania are using data from an
existing case—control study to investigate the possible
interactions of neighborhood characteristics with genes
and screening behaviors in explaining racial differ-
ences in prostate cancer outcomes.

Challenge: accessing detailed neighborhood-characteristics
data. Census data do not provide researchers with de-
tailed neighborhood characteristics that could be useful
in multilevel health disparities analysis. For example,
property-specific or parcel-specific data are not avail-
able through the census. Researchers seeking to use
property size, value, or length of ownership as possible
covariates or predictors in multilevel models need to
identify other sources of these characteristics. Two
CPHHDs have identified local neighborhood charac-
teristics data, but these sources are not without their
challenges. The University of Pennsylvania CPHHD has
a resource on campus, the Cartographic Modeling
Laboratory, that provides access to detailed neighbor-
hood data. However, the data are restricted to Philadel-
phia, and the use of some data requires special ap-
proval from city agencies. Similarly, the University of
Chicago CPHHD has access to data from the Chicago
Area Study,"” but it is unique to the city of Chicago, was
collected more than a decade ago, and may not repre-
sent the current characteristics of neighborhoods that
have undergone gentrification or other demographic
changes since then.

The Ohio State University CPHHD had a slightly
different experience with this challenge. Early in the
planning stages of the projects, researchers needed a
list of all providers (in clinics, health departments, and
other healthcare facilities) that performed Pap screen-
ing in their 14 Appalachian counties. Because there was
no resource that could easily provide this inventory, the
investigators had to work with local agencies, key infor-
mants, and local field staff to develop a list of providers,
using a snowball-sampling approach.

Challenge: issues in recruiting from special populations
that affect multilevel analysis. The Ohio State Univer-
sity CPHHD recruits patients from clinics in 14 counties
in Appalachian Ohio. Researchers there have experi-
enced challenges in patient sampling (e.g., it is incon-
sistent across clinics; patient lists are difficult and
time-consuming to obtain); in rates of response among
these populations (e.g., how to extrapolate to all of
Appalachian Ohio); and in interview and follow-up
burden due to travel difficulties, contact challenges,
and lack of incentives. The potential effects of these
issues on outcomes will be explored during the analysis
phase, and their impact on the interpretation of results
will be carefully considered.
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The CPHHD at Tufts/Northeastern universities re-
cruits Puerto Rican adults from the Boston area. Al-
though a growing population, they constitute less than
10% of households in the city. Further, the presence of
Puerto Ricans is identified by the census only at the
tract level. At the block level, there may be many
Hispanic individuals, but none who are Puerto Rican.
Sampling proceeded by identifying tracts that contain
atleast ten Puerto Ricans, and then moving to the block
level, with door-to door enumeration of blocks that,
according to the census, contain at least four Hispanics.
To use lower cutoff points would be prohibitive in cost,
but as the study is designed, many blocks are enumer-
ated with no Puerto Ricans identified.

This has several consequences, because Puerto Ricans
at lower SES levels are most likely to live in more-
concentrated communities. First, the sample will not
include Puerto Ricans with higher-level SES who live in
more-integrated environments; second, SES distribu-
tion is therefore truncated, resulting in lower variability
across sampled neighborhoods. This results in limita-
tions in generalizability to those Puerto Ricans living in
neighborhoods with other Hispanics, and limits power
for multilevel analyses.

To improve this, these researchers have included
participants who are recruited from community gath-
erings, such as Puerto Rican festivals. This method does
identify individuals who live in less Hispanic-dense
neighborhoods (although they remain underrepre-
sented), but it may complicate analyses. One such
complication is the lack of homogeneity within the
study sample. Community gatherings may draw people
from outside the neighborhood under study. In addi-
tion, the people who attend such gatherings may be
nonrepresentative of the neighborhood as a whole,
even if they live in that neighborhood.

Characteristics of Data for Multilevel Research

Challenge: dealing with significantly inter-correlated
variables. Every CPHHD considers both SES and race/
ethnicity, which are highly correlated, in analyses. A
number of solutions have been devised to address this
conundrum. Researchers at the University of Illinois at
Chicago CPHHD undertook a secondary data analysis,
linking data on breast cancer stage at diagnosis from
the Illinois State Cancer Registry for the years 1994—
2000 with census data for Chicago. Their initial plan
was to limit the geographic region to Chicago. They
initially encountered a high correlation between
census-tract SES and census-tract composition by race/
ethnicity within the city limits. This made it virtually
impossible to tease apart the separate effects of SES and
race/ethnicity on stage at diagnosis. As a solution to the
problem, the group expanded the geographic region of
interest to include all of Cook County, in which there
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are suburbs with substantial numbers of relatively afflu-
ent minority populations.

The RAND CPHHD addressed the issue by examin-
ing the distribution of each race/ethnicity on its mea-
sure of neighborhood SES to determine the degree of
overlap. They determined that there was insufficient
overlap to ensure that neighborhood SES effects occur
for all groups by race/ethnicity, and they are conduct-
ing stratified analyses by race/ethnicity in order to test
for effects based on the actual range of the data within
each subgroup. Similarly, RAND CPHHD investigators
have found that, although men and women are not
differentially distributed across census tracts (because
neighborhoods are not gender-segregated), there are
myriad gender differences in contextual effects that
necessitate the use of either multiple interaction terms
or, in some cases, gender-stratified models in order to
capture the differential effects of specific aspects of
neighborhood contexts on men compared to women.

Challenge: justifying community- and neighborhood-
level data from two sites that were conceptualized and
gathered in different ways. The University of Chicago
CPHHD originally planned to work only on the South
Side of Chicago. Thus, all neighborhood and commu-
nity data were from the same sources (e.g., the city of
Chicago). Then the group began to work in Gary,
Indiana, in order to increase sample size. That posed a
problem, because the data had been gathered by
another source and were not completely comparable to
the Chicago data. The approach to this challenge was
to explore how each respective source defined each
variable that was measured (e.g., violent crime or safety
of housing) and to find the lowest common denomina-
tor among measures across sources.

Challenge: making the most of administrative data to
examine contextual effects. In some cases, tractlevel data
fail to capture important aspects of residential exposure—for
example, because otherwisesimilar tracts are surrounded
by differing concentrations of poverty or by built envi-
ronments of varying quality. A solution developed by
RAND and University of Chicago investigators was to
examine a combination of census-tract characteristics
and the characteristics of a buffer area around each
tract. In additional work, the RAND CPHHD has begun
to use GIS-based measures to capture distance and
exposure—for example, to alcohol outlets.*> Because
businesses are often in separate areas that are not
zoned for housing and thus are not classified as census
tracts, measuring exposure to alcohol outlets only in
tracts (or in grocery stores or fastfood outlets) results
in a systematic undercount of residents’ exposure to
these businesses. In other projects, RAND investigators
have employed similar models to capture distance from
parks and other green space.**
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Analyzing Multilevel Data and Interpreting
the Results

Transdisciplinary research requires collaborative and
integrative thinking. Multilevel analysis provides a nat-
ural environment for this in that it requires substantial
input from experts in a variety of content and method-
ologic domains. Effective collaboration in multilevel
research is facilitated to the extent that team members
share an interdisciplinary or transdisciplinary research
orientation from the outset of the project. Yet the
progression from multidisciplinary to transdisciplinary
collaboration in the context of multilevel, multisite
team initiatives is a gradual process that poses various
conceptual and methodologic challenges along the
way. Itis clear, for example, that engaging in multilevel
analysis has challenged CPHHD investigators, espe-
cially in their efforts to apply theoretical concepts to
practical settings.

Challenge: providing proper explanatory schemes for
observed multilevel effects. Many researchers agree
that the most important challenge for multilevel anal-
ysis is not merely to apply advanced statistical models
but also to provide proper theoretical frameworks for
framing studies. This is especially challenging because
it is very easy to draw conclusions based on an ecologic
fallacy when trying to explain neighborhood effects at a
high level when the actual effect-modifiers are low-level
factors associated with “neighborhood.” Ecologic fal-
lacy arises when inferences about low-level factors, such
as SES, are made from high-level factors, such as ZIP
code or census tract. Sound theoretical frameworks can
provide the scaffolding that guides the development of
research questions, collection of data, and the analytic
process. One approach is taken by researchers at the
University of Pennsylvania, who have used the Systems
Model of Clinical Preventive Care® to frame a study on
determinants and interventions to improve discussions
about prostate screening. This study is one example of a
translational initiative that seeks to implement a novel
computer-assisted, patient-oriented behavioral interven-
tion that is informed by a highly transdisciplinary research
enterprise. The systems model is an excellent choice for
the project, given that it considers individual-, environ-
mental-, and system-level factors that influence behaviors
by patients and practitioners that affect health outcomes.
Although not specifically used by the CPHHD, the model
developed by Hiatt and Breen** shares the translational
nature of the systems model by considering the contin-
uum of the disease process, from pre-disease to death,
and suggests families of interventions that address this
continuum.

Challenge: low statistical power for testing neighbor-
hood effects. In some centers, participants are drawn
from a relatively small number of relatively homoge-
neous census tracts. At Wayne State University, all of
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the studies are intervention studies, and the studies are
powered to detect differences among interventions, not
the effects of neighborhoods. There are small differ-
ences between the census tracts from which the partic-
ipants were drawn, and in each study there may be too
few tracts to detect neighborhood effects. This chal-
lenge is presented here as a cautionary tale: Health
disparities researchers need to be aware of the effects of
neighborhood characteristics on statistical power, and
these characteristics need to be considered in calculat-
ing sample size.

Challenge: heterogeneous variable representation. When-
ever possible, the CPHHDs would like to avoid exclud-
ing variables simply because they were measured or
collected at different levels or used different coding
schemes. How variables are defined at one level (e.g.,
the neighborhood level) so that they may be used in
analyses with variables at other levels (e.g., the individ-
ual level) poses a challenge to those engaged in multi-
level analyses. The University of Chicago CPHHD is
faced with determining which features of the neighbor-
hood built-environment (i.e., neighborhood level) are
most salient to women’s individual levels of felt loneli-
ness, depression, and perceived stress. More specifically,
they would like to understand the relationships between
the neighborhood social environment—measured both
at the individual level (with measures of women’s per-
ceived neighborhood safety, social cohesion, collective
efficacy) and at the neighborhood level (with area major-
crime rates related to violence such as homicide and
sexual assault)—and psychosocial-stress response, mea-
sured at the individual level (determined both subjectively
and objectively). The University of Chicago CPHHD’s
solution to the challenge is to gather data in a number of
ways to provide as much flexibility as possible in selecting
and constructing variables for analysis.

Challenge: the need for new multilevel-analysis methods.
The increasing interest in translational research, which
encompasses the continuum of bench to bedside to
populations, highlights the importance of extending
current multilevel research methods in new directions.
The University of Chicago CPHHD, for example, is
developing new methods to correlate patterns and
features of dynamic cortisol metabolism with cumula-
tive genetic-expression alterations in breast cancer tis-
sue pathology (e.g., intranuclear glucocorticoid recep-
tor activation immunohistology). Those researchers are
working with faculty associates on the University of
Chicago campus to expand the methods of hierarchical
linear models to allow for the inclusion of variables
from molecular to community levels on each research
subject. This endeavor brings together pathologists,
geneticists, social and behavioral scientists, statisticians,
and immunologists to develop a new multilevel analytic
approach.
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Summary

This paper has described several challenges faced by
researchers at the CPHHDs as they pursue rigorous
programs of health disparities research in a variety of
domains. Each of these challenges represents an oppor-
tunity for transdisciplinary science to evolve. For exam-
ple, the substantive data issues that pervade multilevel
disparities research could not be addressed without the
collaboration of social scientists, data-systems experts,
clinicians, and others. But this collaboration is not a
simple multidisciplinary one in which each specialist
practices his or her craft. Rather, these collaborations
require the transcendence of each researcher’s do-
main. Thus, while the challenges presented here may
not be unique to multilevel health disparities research,
the environment within which they emerged, and in
many cases met, is unique. Defining and working
through these challenges suggests three strengths of
this work and this paper.

First, the CPHHDs collectively offer examples of how
these challenges are met within the initiative, but, just
as importantly, they offer an extensive compendium of
issues that other health disparities researchers should
consider, particularly in transdisciplinary environments
such as the CPHHD initiative. The work put into
rigorous multilevel approaches to health disparities
research, exemplified by the efforts reported here, is
contributing to a better understanding of health dis-
parities: where they come from, whom they affect and
why, and how they might be reduced. Even so, the
diversity of the challenges and solutions described here
suggests a degree of uniqueness that depends heavily
on the research domain under investigation. While the
story of multilevel analysis in health disparities re-
search, told through the experience of the CPHHD
centers, is compelling, it is not the last chapter. Inves-
tigators are urged to be watchful for challenges unique
to their research and to consider other solutions that
are not described here. It is hoped that this paper
stimulates the recognition that such vigilance is a
necessary component of health disparities research and
of multilevel research approaches in general.

Second, the CPHHDs now have extensive, hands-on
experience with multilevel research. There are numer-
ous reports on multilevel research theory and analytic
methods, but relatively few that provide insight into the
practical, day-to-day problems of conducting this kind
of work. This paper provides such a report that, again,
is intended to be of value to the broader research
community, not just to those currently working in
health disparities.

Finally, the CPHHD program facilitates cross-center
collaboration in health disparities research, and the
centers have in turn taken up the mantle of collabora-
tion. Researchers at the CPHHDs have worked on
finding and sharing solutions to the practical and
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theoretical challenges in multilevel research, not only
as it applies to health disparities, but to other research
domains as well.

The CPHHD experience suggests the need for new
directions in evaluating transdisciplinary science. At the
least, a transdisciplinary research evaluation “toolkit”
initiated through this endeavor would provide a useful
and constructive model for investigators and funding
agencies. When fully developed, such a toolkit would
contain quantitative tools, such as validated scales that
could be used in creating evaluation instruments, as
well as qualitative tools, such as semi-structured ques-
tionnaires that could be used to elicit attitudes and
opinions. The toolkit could be framed within a meth-
odology for evaluating transdisciplinary science so that
any evaluations would be as accurate and robust as
possible. This methodology would borrow from the best
traditions of research evaluation, but would need to
extend the boundaries to include new methods and to
apply existing methods in new ways.

Transdisciplinarity does not exist automatically, nor
all at once; rather, it emerges over time, within and
among individuals, groups of individuals, departments,
schools, institutions, and organizations. Ultimately,
there is a need to foster team science so that transdis-
ciplinarity is given a chance to emerge. The authors’
experience with conducting multilevel research in
health disparities underscores this need. As an exam-
ple, their survey-based evaluation efforts have provided
insight into the number and types of collaborations
across the CPHHD program, but were unable to cap-
ture the evolution of team science, even with annual
evaluations, which had focused on such characteristics
as publication counts and self-reported data on collab-
oration. This experience suggests that instruments re-
quiring self-report may not be the optimal way to
capture team science-related evaluation data, and the
authors are hopeful that the social-network analyses will
provide more substantive information, particularly with
regard to the scientific collaboration and integration
that are central to transdisciplinary research.

However, two potentially more-powerful approaches
would be the use of temporal social-network analysis
and a formal bibliometric analysis of not only published
but cited publications as ways to investigate the emer-
gence of “new science.” These approaches would be
particularly valuable, given that increasing numbers of
CPHHD investigators identified multilevel research as a
major challenge. A final lesson learned from the au-
thors’ experience is that multilevel research should be
considered in a transdisciplinary context. Multilevel
research has often been conducted without consider-
ation of this context, perhaps to its detriment.*® The
CPHHD initiative (and others like it) offers the oppor-
tunity for conducting multilevel research in a variety of
application domains, within a new, rigorous, and inher-
ently transdisciplinary environment.
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The Science of Team Science
Commentary on Measurements of Scientific Readiness

Timothy C. Hays, PhD

Introduction

ome topics in this supplement to the American
Jowrnal of Preventive Medicine'™ focus on the rigor-
ous analysis of various contextual factors influenc-
ing the design, implementation, and sustainability of
transdisciplinary research; however, an additional area
of scientific exploration that may benefit Team Science
and the transdisciplinary research field is the formal
investigation of factors that elucidate when scientific
areas are merging and/or ripe for collaborative study.
This precursor of collaboration readiness could play a
significant role in understanding why and how team
science collaborations breakdown or thrive." If fields of
science have not sufficiently evolved toward one an-
other or their underlying support structures are incon-
gruous, it may be difficult or impossible to initiate and
maintain cross-disciplinary research even though the
participants are eager and other readiness challenges
have been successfully met. Understanding the under-
lying readiness markers could go a long way in determin-
ing why some collaborative projects fail or succeed,
forecasting why and/or when some projects should be
initiated, and identifying collaborative opportunities
that were otherwise unknown. These findings could be
used to help identify research opportunities within and
across scientific fields. After gaining insight into when
scientific areas are converging, having tools or method-
ologies for matching compatible investigators for suc-
cessful Team Science would further aid the process.
The following commentary, from an outside, but inter-
ested, observer of the transdisciplinary research field,
focuses on a generalized interpretation of two potential
serial phases of team science. These phases do not cover
the breadth of research being done on the science of
team science, but instead highlight arenas of research that
might add potentially significant domains of inquiry.

Phase 1

— Investigators determine that a team-science ap-
proach might benefit their research.

— Funding organizations look for new, emerging, or
innovative approaches to research that could increase
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the potential for more, improved, or quicker research
outcomes.

Study elements. Investigate the metrics or identifiers
that are used or could be used by researchers and
funding organizations to determine when areas of
science are ripe for collaborative research and, more
specifically, transdisciplinary research.

One of the initial challenges for Phase 1 is to
identify good metrics or science markers that can
demonstrate connections between fields of research.
Some metrics might include markers of when: (1) two
scientific fields share system pathways or molecular
components, (2) the scientific methodologies overlap
in some key way, or (3) the conceptual research ques-
tions or ideology are the same (e.g., studying the
genetic drivers for reproductive behavior across plant and
animal species). The next step would be to determine
when the metrics identify fields of research, narrow or
broad, that are converging or have overlap. Based on
findings derived from analyses hypothesized above, can
these metrics be used to determine whether the research
areas are ready for collaborative investigation?

Companies, publishers, and organizations have al-
ready begun developing technologies (e.g., research
profiling®~°) that can mine elements of research in-
cluding published articles to assist in identifying when,
for example, similar words or concepts (e.g., proteins
or methodologies) begin to appear in historically un-
related fields of research. However, more investigative
work needs to be done on whether the overlap of a few
concepts, citation connections (bibliometrics’), or
methodologies is sufficient and predictive of merging
areas of science and additionally whether these areas of
science would benefit from collaborative research.
Nonetheless, the development of these tools will likely
have benefit for most scientists in their attempt to
understand the ever expanding number of research
papers and information being collected and published.
Without the emergence of these tools, one can envision
researchers moving toward microcosm fields of exper-
tise, narrowing their scientific scope to help establish or
maintain clear parameters for what constitutes the body
of knowledge they can justifiable defend.

An initial area of inquiry for scientific readiness
might include a review of successful and unsuccessful
transdisciplinary research (or add questions to any
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similar review studies that may already be underway).
An understanding about the scientific events that led to
the collaborative efforts and any scientific-readiness cues
that were employed could provide insight that may
well be used more systematically to establish success-
ful teams. Using models or novel approaches based
on these metrics of scientific readiness, as associated
with successful or unsuccessful collaborative research
projects, could provide suggestive information about
when the opportunity for research collaboration is ripe.

This line of thought leads to additional questions
such as: (1) What new analytical tools could assist in
our understanding of readiness cues? (2) Are there
hindrances to accessing the data needed for proper
analyses, developing models, or testing hypotheses?
For example, would a uniform interface with access
to all journal articles (or summaries) be necessary for
practical, comprehensive data mining by investiga-
tors and funding organizations to unearth connec-
tions? Access to research descriptions, publications,
data sets, and methodology repositories, for exam-
ple, may prove essential for capturing the proper
metrics. (3) Can new technologies be transformative
in the way we identify collaborative areas of research?
(4) Will the output of these tools provide more refined
definitions of what constitutes relatedness (e.g., related
papers, findings, or researchers) in a way that is now very
difficult due to both the sheer abundance of scientific
information and the difficultly in connecting the informa-
tion from disparate locations or repositories?

If these tools are successful in identifying scientific
convergence, investigators and funding organizations
will next need to know which researchers in the respec-
tive fields are the most appropriate for establishing a
team to move the science forward.

Phase 2

— Investigators use various methods to identify a
researcher with the right expertise and compatibility to
initiate a research partnership.

— Funding organizations use various methods to identify
the “right” researchers who can carry out successful
(transdisciplinary or collaborative) research when Phase
1-type opportunities appear to exist.

Study elements. Investigate the metrics or identifiers
that an investigator or funding organization uses or
could use to determine who the best collaborator(s)
would be for their conceptualized research idea. Inves-
tigate which metrics or combination thereof could
serve as forecasters of successful collaboration. Deter-
mine the best methods to bring together disciplines
and people when areas of science have been identified
as promising for transdisciplinary or team research.

Previous research findings on the contextual issues
related to the science of team science are likely to offer
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insights into what tools could further benefit the process
of linking the right investigators. For example, should
there be a broad researcher database or connected set of
databases that serve as communities of practice (CoP®)?
These CoPs could incorporate not only an investigator’s
research publications but also their current contact infor-
mation, their self identified expertise and interests, and
possibly recommendations or comments from other re-
searchers. This proposition is not new and available tools
are already appearing on the Internet (some specific to
research”). One functional question that arises is: what are
the essential metrics within the lists of skills, interests, publi-
cations, or comments that are sufficient to identify an
individual as the “right person” for a collaborative project?

Although the theory above constitutes what could be
termed as a “top-down” approach to deriving scientific
opportunities, the tools discussed above could provide
information leading to “bottom-up” opportunities or
insights as well. For example, an investigator looking
for transdisciplinary opportunities could use these tools
to establish new research theories (top-down). At the
same time, another researcher with a known scientific
dilemma might use the tools to understand whether
theories, techniques, findings, or molecules from other
domains of science could lead to insights and possible
experimentation possibilities (bottom-up).

Clearly there are many challenges not only for the
development of these new technologies but also in the
data that are available for mining and the processes
used to identify metrics. However, there seems to be
benefit in establishing clear methodology to under-
stand the evolution of scientific interconnectedness,
especially as redundancies in systems (i.e., the same
DNA sequences found in humans and rats; the innate
behavioral fear response in multiple species elicited by
snakes) lead to more overlap in research fields. A more
firm understanding of scientific readiness combined
with the known contextual factors that facilitate and/or
hinder transdisciplinary or team science could ulti-
mately assist in the long term establishment and main-
tenance of successful cross disciplinary teams.

In summary, if transdisciplinary investigation is to be
more fully realized, it will be critical to understand the
foundation of scientific readiness. The 2006 establish-
ment of the new Division of Program Coordination,
Planning, and Strategic Initiatives (DPCPSI) at the NIH
offers a central location for NIH to begin to investigate
some of the new ideas highlighted above. If facilitative
tools are successfully implemented on a broad scale at
institutions and agencies, it could help demonstrate sci-
entific necessity for crossing traditional funding and “de-
partmental” boundaries. The cost of establishing and
maintaining transdisciplinary teams may to some seem
high, but the potential of such research is already evident
(e.g., mechanical engineering techniques being applied
to the development of artificial organs and limbs). Devel-
oping rigorous methods and models may ultimately help
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researchers and funding agencies/institutions foster new
domains of inquiry and new research findings for the
betterment of all mankind.
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Systems Perspectives on Team Science

Systems Thinking to Improve the Public’s Health

Scott J. Leischow, PhD, Allan Best, PhD, William M. Trochim, PhD, Pamela I. Clark, PhD, MSPH,
Richard S. Gallagher, BS, Stephen E. Marcus, PhD, Eva Matthews, MPH

Abstract:

Improving population health requires understanding and changing societal structures and

functions, but countervailing forces sometimes undermine those changes, thus reflecting
the adaptive complexity inherent in public health systems. The purpose of this paper is to
propose systems thinking as a conceptual rubric for the practice of team science in public
health, and transdisciplinary, translational research as a catalyst for promoting the
functional efficiency of science. The paper lays a foundation for the conceptual under-
standing of systems thinking and transdisciplinary research, and will provide illustrative
examples within and beyond public health. A set of recommendations for a systems-centric
approach to translational science will be presented.

(Am J Prev Med 2008;35(25):5196-5203) © 2008 American Journal of Preventive Medicine

Introduction

«

ublic health asks of systems science, as it
did of sociology 40 years ago, that it help
us unravel the complexity of causal forces
in our varied populations, and the ecologically
layered community and societal circumstances of
public health practice.”!

Green’s quote suggests that to improve public health, it
will be necessary to gain a greater understanding of the
complex adaptive systems involved in both causing and
solving public health problems.2 For example, prevent-
ing and containing pandemic influenza requires collab-
oration across a wide array of disciplines and fields,
including global surveillance to catch new outbreaks,
rapid laboratory analysis of new viral strains so that
effective medications can be developed, and the cre-
ation of expansive communications and informatics
infrastructures so that communities can prepare and
react effectively. Each separate activity to address pan-
demic influenza is necessary but insufficient in itself.
However, when viewed together, the structures and
functions to prevent and contain pandemic influenza
represent an ever-changing complex adaptive system
whose sum is greater than the parts. Indeed, millions—
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and perhaps billions—of lives depend on how well that
complex system works.

The increasing emphasis on systems thinking as an
organizing rubric reflects a confluence of trends
among very different fields that have begun to empha-
size systems thinking, including business, engineering,
physics, military science, agriculture, weather forecast-
ing and public health.>* While there is no single
discipline for systems thinking, there are some funda-
mental systems-thinking perspectives and approaches
that are shared across fields: (1) increased attention to
how new knowledge is gained, managed, exchanged,
interpreted, integrated, and disseminated; (2) empha-
sis on a network-centric approach that encourages
relationship-building among and between individuals
and organizations across traditional disciplines and
fields in order to achieve relevant goals and objectives;
(3) the development of models and projections, using
a variety of analytic approaches (e.g., differential equa-
tions, agent-based modeling, system-dynamics model-
ing) in order to improve strategic decision making; and
(4) systems organizing in order to foster improvements
in organizational structures and functions.”™*

Consistent with this systems perspective, and echoing
Rosenfield’s” benchmark definitions of multidisciplinar-
ity, interdisciplinarity, and transdisciplinarity, Stokols® in
this supplement to the American Jowrnal of Preventive
Medicine describes transdisciplinary research as a “pro-
cess in which team members representing different
fields work together over extended periods to develop
shared conceptual and methodologic frameworks that
not only integrate but also transcend their respective
disciplinary perspectives.” Given the profoundly differ-
ent ways that scientists collect data and define new
knowledge within disciplines, along with the many
different discipline-based assumptions about the nature
of that knowledge, transdisciplinarity reflects an episte-
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mology, or theory of knowledge, that has profound
implications for how new knowledge is collected, syn-
thesized, interpreted, and disseminated. This is not
to suggest that unidisciplinary, reductionist science is
no longer relevant. Rather, the increased emphasis
on science that is transdisciplinary, translational, and
network-centric reflects a recognition that much, if not
most, disease causation is multifactorial, dynamic, and
nonlinear.” Indeed, scientific silos, or compartmental-
ized knowledge, have the potential to impede under-
standing of the complex inter-relationships among
variables.®

It is perhaps neither possible nor desirable to elimi-
nate the silos of science, but there is increasing recog-
nition that it is essential to link them and to recognize
that they represent components of a larger system.”
That is, transdisciplinary science represents a necessary
but insufficient aspect of complex adaptive public
health systems. Achieving effective and lasting advances
in public health clearly depends on the knowledge
gained through transdisciplinary science (e.g., the bio-
logical and behavioral causes of tobacco dependence,
or social and biological factors that cause the spread of
communicable diseases). But achieving those gains also
requires making strategic decisions about which com-
plex scientific questions will lead to the greatest public
health gains, how new discoveries can be disseminated
effectively, and what structures and functions are
needed to deliver the new knowledge. The opinion that
complex challenges cannot be solved by reductionist
approaches alone reflects an orientation toward sys-
tems thinking that Senge” called a “fifth discipline.”
And this fifth discipline is highly consistent with the
principles of systems thinking and cybernetics that were
discussed long ago by von Bertalanffy,'”'" Wiener,'?
and Ackoff,'”” and more recently by Leischow and
Milstein,? Sterman,'* Midgely,15 and Green.!

Systems Thinking for Hurricanes and H5N1
Avian Influenza

Because systems thinking is often difficult to conceptu-
alize, exemplars of both systems design and systems
analysis can serve as valuable models for those who are
unfamiliar or even perplexed by what is meant by the
term. While many examples exist, weather forecasting
and the prevention of communicable disease will be
described here.

Weather Forecasting

Perhaps one of the most advanced transdisciplinary
collaboratives that is fundamentally oriented toward
the conceptual framework of systems thinking is weather
modeling and forecasting.'® Networks of organizations
and scientists from around the world work together to
understand the complexity of weather patterns so that
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more accurate and timely weather forecasts can be
made. The Weather Research & Forecasting Model
group employs a type of translational model whereby
new discoveries made within a particular discipline
(e.g., oceanography) are linked together, so that com-
plex relationships can be determined by transdisci-
plinary teams of scientists (i.e., physicists, atmospheric
chemists, geographers). Models can be developed that
explain the data, and optimized models can then be
disseminated to specific end-users and the public. Un-
derstanding the interplay of solar activity, land masses,
water temperatures, wind flow, and other natural forces
has made it possible—via complex and intensive com-
putational modeling—to develop predictive weather
models that have both saved lives and reduced eco-
nomic devastation. Indeed, the National Oceanic and
Atmospheric Administration, in collaboration with
more than 150 universities, implemented a new
computer system that can model ever-more-complex
data (e.g., wind activity at specific elevations, humidity
differences between night and day, the amount of
Arctic ice) in order to develop improved forecasts.'”

An integral part of the weather forecasting system is
communication with the public. The example of Hur-
ricane Katrina serves as a reminder that having accurate
forecasting and analysis of a complex weather system
does not necessarily translate into an effective use of
that information. Indeed, Katrina was a tragic example
of the dire consequences of a failed delivery compo-
nent of the system. Many years of investment into
collecting data from a variety of sources led to accurate
forecasts, which in turn gave millions of people in
Katrina’s path time to escape; however, the application
of that knowledge by federal, state, and local officials
failed. The devastating outcome was a reminder that a
complex system worth investigating lends itself to large-
scale organizational change as a result of new knowl-
edge. This phenomenon is both the promise and the
challenge of systems thinking.

Preventing the Next Global Pandemic

In 1918-1919, the Spanish influenza pandemic spread
globally in waves, killing between 50 and 100 million
people worldwide.'®'? This viral infection was the last
pandemic in the U.S., and if history is consistent, there
will be additional pandemics in the future. In recent
years, the HB5N1 Avian influenza has been of para-
mount concern because it is deadly to humans and
could rapidly spread if mutations allow it to easily pass
from human to human. Fortunately, as in the weather
forecasting example above, public health agencies
worldwide have recognized this risk and have imple-
mented systems—including transdisciplinary teams of
scientists—to prevent or minimize the risk of a future
communicable-disease pandemic.
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In the U.S., the CDC coordinates a comprehensive
surveillance-and-response system to anticipate and
manage influenza outbreaks. One component of this
system is BioSense,”” a real-time surveillance system
that links data from local and national sources to
identify and track new and existing influenza out-
breaks. Another component, also under the supervi-
sion of the CDC, is the Laboratory Response Network,!
an integrated system of laboratories at the local, na-
tional, and international level, that serves as a rapid
reporting-and-response infrastructure for communica-
ble disease and bioterrorism. This comprehensive sys-
tem assures that “hot spots” of influenza will be identi-
fied early, so that local healthcare systems can mobilize,
and policymakers can take appropriate action to pre-
vent the spread of disease. In addition, the NIH has
increased its investment in the development of new
drugs to treat influenza, and has created an initiative
called Models of Infectious Disease Agent Study, a
“collaboration of research and informatics groups to
develop computational models of the interactions be-
tween infectious agents and their hosts, disease spread,
prediction systems, and response strategies.”*?

The overall goal of these and other efforts is to bring
together those who are critical to the discovery, devel-
opment, and delivery of the knowledge, products, and
services that will most effectively prevent and treat
communicable disease. This comprehensive and mul-
tidisciplinary systems approach to preventing a mas-
sive outbreak of disease that could kill millions of
people depends, like the weather-forecasting system,
on (1) massive and rapid data collection from many
different sources; (2) rapid communication to a broad
array of sources; (3) transdisciplinary science, in order
to understand and analyze data from many sources; and
(4) modeling of the complex relationships among the
components in the system. These four elements are
necessary for the creation of more accurate predictions
and recommendations that can be used by policymak-
ers to protect the health of the public.

Systems Thinking in Public Health and Learning
from ISIS

Despite the promise that systems approaches hold for
improved understanding of the complex factors that
contribute to health and disease, few systems initiatives
have been developed at one of the premier U.S. center
for health research—the NIH—to address chronic dis-
ease or its causal factors. A recent exception is the pilot
Initiative on the Study and Implementation of Systems
(ISIS). Aware of the systems-thinking approaches that
have been applied in other areas and given the com-
plex nature of tobacco use and tobacco-related disease,
the National Cancer Institute (NCI) funded ISIS to
explore how systems-thinking approaches might im-
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prove the understanding of the factors contributing to
tobacco use; to inform strategic decision making about
which efforts might be most effective for reducing
tobacco use and tobacco-related disease; and to serve as
an exemplar for addressing other public health prob-
lems. More specifically, ISIS was intended to become a
long-term, multi-agency collaboration to create and
implement transdisciplinary-systems principles and
methods for the discovery, development, and delivery
of program and policy interventions within a research-to-
practice paradigm.

Developing and Defining the Four Key Areas in
Systems Thinking

Given the multiple systems approaches that have been
employed to address complex problems (e.g. weather
forecasting, communicable disease, managing the
economy, conducting military operations), one of the
goals of ISIS was to identify what they have in common,
so that this information could be used to identify
effective ways to improve tobacco control. More specif-
ically, a strategic-planning and development process
was put into place to consider existing literature; the
efforts of experts in other fields (e.g., the military,
business, system dynamics, etc.); and experts across
several disciplines within the tobacco-control field.

In addition to focus groups and other formative
efforts completed during the first year of ISIS, a process
led by noted system-dynamics expert George Richard-
son®” was implemented to explore what is meant by a
tobacco control system. As a result of that process, two
important conclusions emerged: (1) understanding
and implementing complex systems is all about the
relationships among people, collections of informa-
tion, and even concepts; and (2) these relationships
work or do not work as a function of information and
how it is communicated. Thus, as the ISIS team began
exploring complex relationships via system-dynamics
thinking and modeling, two of what became four key
principles emerged very rapidly: Without effective in-
formation and knowledge exchange, social networks do
not function effectively; in addition, when social net-
works oriented to public health are not functioning
effectively as a result of inadequate or dysfunctional
information and knowledge exchange, systems that
could be effective are compromised and even pre-
vented from achieving their potential positive impact. A
perfect example of what can go wrong is the outcome
of Hurricane Katrina.

Conversely, when knowledge flow is effective, net-
work performance is better, and systems-level change is
possible. An example is community-driven policy
change, wherein over the last few decades there has
been an increased shared awareness®* that higher cig-
arette taxes and restrictions on smoking in public places
would result in significant drops in smoking prevalence.
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Formative activities

* Creation of a transdisciplinary think tank
* Thorough scan of current tobacco-control initiatives

« In-depth review and synthesis of key systems literature from
diverse perspectives

¢ Summit meetings to (1) identify key issues and knowledge
domains (2) formulate long-term strategy (3) develop
recommendations

¢ Series of smaller workshops to expand and elaborate
strategy recommendations from summits

¢ Develop and implement pilot projects to demonstrate
proof of concept

3. Systems methods: How do we model complex,
Il[":> dynamic interactions in tobacco system?

Priority areas

1. System knowledge: How do we manage the
knowledge infrastructure for evidence-based practices?

2. Systems networks: How do we model effective
collaborative relationships among stakeholders?

4. Systems organizing: How do we organize dynamic,
complex, adaptive, collaborative systems in tobacco
control?

Figure 1. Initiative on the Study and Implementation of Systems (ISIS) strategic-planning activities and key priorities

Consequently, many states and nations focused their
tobacco-control efforts on increasing tobacco taxes and
legislating bans on smoking in public places.

As a result of the activities in the strategic-planning
process, the ISIS group identified four priority areas
(Figure 1) that together serve as a synergistic founda-
tion for understanding and improving the public’s
health from a systems perspective. They do not repre-
sent the only possible foundations, and certainly do not
represent all of the critical areas within the public health
system that require attention, but they do reflect both
conceptual and functional areas that together result in a
sum greater than their individual contributions.

A brief summary of each area, drawn from the NCI
monograph® on systems thinking that these authors
developed, summarizes the relevance of each to the
systems approach that the ISIS team delineated.

1. Managing systems knowledge. The management and
transfer of shared knowledge form the basis of interaction
between stakeholders in a systems environment. The
development of an effective system requires a comprehen-
sive, sophisticated infrastructure for knowledge manage-
ment and transfer that is based on integrating existing
silos of information, and manages both explicit knowl-
edge (what we know we know) and tacit knowledge (what
we do not know we know; unconscious lessons from
experience). This knowledge environment must be col-
laborative, in keeping with the needs of the stakeholders
it supports, and able to meet the changing needs and
methods underlying a systems approach to tobacco con-
trol. It must also be evolutionary.

To demonstrate the potentials of a web-based,
collaborative-knowledge environment for tobacco
control, the NIH and other partners created a cyber-
infrastructure to improve the sharing, analysis, and
dissemination of tobacco data. This tobacco web
portal, currently called the Tobacco Informatics Grid
(TobIG), will use state-of-the-science information
technology and networking software to link tobacco
data, researchers, and resources (e.g., citation in-
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dexes, data mining, and visualization software). TobIG
is envisioned as a cyber-infrastructure to support a
voluntary network, or grid, of tobacco-control stake-
holders to data and software/analysis tools. ToblG was
conceived to be part of a multicomponent strategy to
speed the development and delivery of innovative ap-
proaches to tobacco control that would link directly
with the larger NCI{unded cancer—bioinformatics grid
(caBIG).

2. The power of transdisciplinary and multidisciplinary
systems networks. Networks form the backbone of a
system by harnessing the power of linking diverse
stakeholder individuals and groups. Understanding the
formation and management of networks and using that
knowledge to foster healthy networks in tobacco con-
trol are critical components of a systems environment
in public health. To better the understanding of how
multidisciplinary and organizational communication
and collaboration were occurring in tobacco control,
several network projects were implemented by the ISIS
team. These projects included Mapping the Tobacco
Harm Reduction Network (presented in detail in this
supplement®); the Global Tobacco Research Network
(GTRN); and the Social Network Mapping of Tobacco
Control at USDHHS.

Global Tobacco Research Network. The GTRN is a virtual
web of interconnected scientists and organizations col-
laborating in the conduct, synthesis, and dissemination
of tobacco-control research in support of a progressive,
policy-relevant research agenda. Functioning through
its web interface,?” the program provides network con-
solidation, information management, and information
sharing. One product is the Research Assistance Match-
ing Program (Program RAM), in which mentors are
matched with novice researchers.

Social network mapping of tobacco control efforts within
USDHHS. A social network analysis was used to delin-
eate the connections among the agencies doing to-
bacco control work within the USDHHS to identify
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Figure 2. Social-network analysis of tobacco control in the USDHHS

communication gaps and any silos of information (DA
Luke, NB Mueller, Saint Louis University, unpublished
technical report, 2005). Figure 2 shows the extent of
contact between organizations regarding tobacco con-
trol on at least a quarterly basis. The size of each node
represents betweenness, or how often the individuals
within an organization act as a bridge between other
organizations in the network. The isolates in the display
(i.e., the Food and Drug Administration and the Center
for Medicare and Medicaid Services) suggest that much
can be done to strengthen the tobacco-control commu-
nications network with the USDHHS.

3. Methods for analyzing complex systems. System
dynamics involve methods that facilitate a more-
constructive examination of complex adaptive systems
by modeling the behavior of actions and their conse-
quences, both intended and unintended. These meth-
ods are particularly wellsuited to tobacco control,
which encompasses an ongoing struggle with countervail-
ing factors that change over time and can be strength-
ened. There is considerable promise in a range of
systems approaches, including formal system-dynamics
modeling techniques and group processes that harness
the problem-solving capabilities of multiple stakeholders.
These approaches constitute tools that help address prob-
lems that are increasingly dynamic and complex.*'*'"
To explore this methodology within the ISIS initia-
tive, system-dynamics modeling methods were used to
simulate tobacco prevalence and consumption over a
40-year period across various age groups. The ISIS
system-dynamics model used a participatory team pro-
cess among stakeholders to define causal factors in
tobacco prevalence, as well as to provide estimates of
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empirical model data. Formal empirical data from
sources such as Morbidity and Mortality Weekly Report were
used for both model parameters and results validation.
A causal-loop model of factors in tobacco prevalence
and a formal simulation model of specific shards of this
model were developed, using the VENSIM simulation
language. One such model is an aging chain of smokers
(Figure 3), which explores tobacco use across the lifespan
and begins to take into account changes in smoking
status, death, and outside influences, in order to inform
the modeling process for predicting future tobacco-
related morbidity and mortality. This figure, although a
bit daunting at first glance, shows the dynamic nature
of youth uptake of tobacco through the development of
addiction and the potential outcomes through adult-
hood. Such models can be fit with data (e.g., time to
addiction, relapse percentages) to better convey the
complexity of the tobacco problem and to identify
points in the system where interventions are likely to
yield the greatest impact.

4. Systems organizing. Systems organizing reflects an
evolution from traditional management theory to a
learning organization,”* or an adaptive-systems per-
spective within a systems environment. Its major
message is the evolution of current concepts of
managing and organizing by transforming traditional
top-down, command-and-control structures to encom-
pass network-centric participatory approaches, the ef-
fective evaluation of system complexity and dynamics,
and explicit attention to knowledge flow and manage-
ment. Methods of organization are envisioned as a
continuum from formal organization in the traditional
management sense to self-organizing partnerships or
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collaborations. For example, in order to identify the
specific genes associated with a particular disease, scien-
tists from multiple disciplines might come together for
the purpose of that project and then spin off into other
groups to explore other problems. This dynamic process
of systems organizing fosters not only increased collabo-
ration to address a particular problem but also an inher-
ent recognition that complex problems require transdis-
ciplinary teams that will change as the problems change.

To explore how systems-organizing approaches could
be used in public health contexts, the ISIS project
looked at two examples (one appears in Figure 4) that
utilized a collaborative, participatory, structured con-
ceptualization methodology known as concept map-
ping®?* to model and graphically depict aggregated
clusters of ideas or concepts held by groups (or net-

Advocacy Policy interventions
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industry

Youth polic
& programs

Collaboration
&TA

Management Processes Outcomes

Programs & services

Figure 4. Concept-mapping example
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works) of stakeholders. This concept-mapping method-
ology is a good example of a systems-organizing ap-
proach that can be utilized either in a face-to-face,
real-time group process or in a distributed asynchro-
nous process over the Internet. Concept mapping
enables a diverse group of stakeholders to brainstorm a
broad spectrum of specific issues that address a map-
ping focus, organizes these issues through individual
sorting and rating, and then synthesizes this input
across individuals, using several multivariate statistical
methods (multidimensional scaling and hierarchical
cluster analysis). The results are graphically pre-
sented as conceptual maps. Figure 4 provides an exam-
ple in which stakeholders associated with state and local
tobacco-control efforts developed a conceptual model of
the components of a strong tobacco-control program.

Taking a Systems-Centric Perspective in Science

There is a critical need for government agencies to take
a leadership role in fostering increased transdisci-
plinary and translational collaboration and to employ
an approach that recognizes that public health is the
culmination of a complex, adaptive federation of sys-
tems? that no one organization can or should control.
While comprehensive, centralized, hierarchical control
is not the desired system goal here, there is an essential
facilitative role that needs to be played by hierarchical,
centralized organizational entities like the federal gov-
ernment, which can provide the leadership essential to
developing a framework for action, and encourage and
support the process of fostering collaboration among a
diverse group of stakeholders. For example, in part as a
result of the ISIS effort, the NIH Office of Behavioral
and Social Sciences Research has identified systems
thinking as fundamental to its strategic planning.*
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Table 1. ISIS recommendations

ISIS recommendation

Action items

Develop and apply systems methods and processes

Encourage systems thinking theory and research development

Foster mixed-methods systems thinking
Conduct participatory systems needs assessments
Encourage an ecologic perspective on implementation

Build and maintain network relationships

Create multijurisdictional/multilevel networks of networks for systems

thinking and action
Study the networks of networks to determine their effects
Encourage transdisciplinarity
Foster systems evaluation

Build system and knowledge capacity

Build capacity for systems thinking

Expand public health data to enable systems analyses
Integrate information silos through cyber-infrastructure development

Encourage transformation to a systems culture

Encourage ongoing vision and paradigm evolution

Rethink prioritizing and funding

Foster a systems-thinking learning environment
Address barriers to the adoption of systems thinking
Engender systems leadership

Similarly, the President’s Cancer Panel presented a
translational model that reflects a systems approach
(discovery, development and delivery), the success of
which depends on collaboration both among and be-
tween scientists and, just as importantly, among scien-
tists, clinical providers, community providers, policy-
makers, and the public to ensure that new discoveries
can be implemented to improve health in the fastest
way possible.?!

At the completion of the ISIS initiative, the ISIS team
developed several recommendations (Table 1) for foster-
ing movement toward a more systems-centric approach to
translational science.”” Some of the recommendations
were very concrete, such as studying the networks of
networks and developing cyber-infrastructures, and
others were conceptual, such as encouraging trans-
disciplinarity and encouraging ecologic perspectives
on implementation.

However, inherent in the ISIS initiative and the
resulting recommendations was a recognition that each
of the four domains are intertwined and, in fact,

Develop and apply systems
methods and processes

n

Tobacco health
outcomes

\V4

Build system and
knowledge capacity

Encourage
transformation
to a systems
culture

Build and
maintain network
relationships

Figure 5. Integrative systems-thinking framework for com-
plex systems in public health
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depend on each other. This recognition exemplifies
systems thinking, because it is oriented to the identifi-
cation and understanding of complex relationships,
not just the dissection of them. Thus, the ISIS team
further concluded, a fundamental goal must be the
creation of an integrated systems-thinking environment
that requires a strong orientation toward new ap-
proaches to team science (Figure 5).

The interplay of systems components to improve
public health presented in Figure 5 illustrates the need
for new approaches to team science that have a trans-
disciplinary orientation, as well as new approaches to
training that integrate reductionist and systems episte-
mology, that promote a translational orientation, and
that are oriented toward the understanding of complex
relationships and the fostering of teams to better
address public health challenges as complex adaptive
systems. Tackling complex public health problems re-
quires transdisciplinary and multidisciplinary teams to
understand and address that complexity, and systems
thinking is a path for getting them there.
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The Role of Transdisciplinary Collaboration in

Translating and Disseminating Health Research
Lessons Learned and Exemplars of Success

Karen M. Emmons, PhD, Kasisomayajula Viswanath, PhD, Graham A. Colditz, MD, DrPH

Abstract:

In the past few decades, significant advances have been made related to understanding,
preventing, and treating chronic disease. Given these many advances across multiple
disciplines, it is unclear why the potential for yielding substantial reduction in disease has
not been achieved overall and across various subgroups. Socioeconomic and racial/ethnic
disparities in a wide range of disease outcomes persist, and a number of studies highlight
the importance of further improving behavioral risk-factor prevalence on a population
level. The goal of this paper is to explore the role of transdisciplinary collaboration in the
translation of research related to these vexing public health problems, and, in particular,
to explore factors that appear to facilitate effective and sustainable translation. Transdis-
ciplinary collaboration also has great potential to speed the rate of adoption of evidence-
based practices. Examples of transdisciplinary collaborations in academic and community
settings are provided, along with factors that may influence the long-term outcomes of
transdisciplinary efforts.

(Am J Prev Med 2008;35(25):5204-5210) © 2008 American Journal of Preventive Medicine

Introduction
T he past three decades have witnessed substantial

progress in reducing the prevalence of prevent-

able disease among adults in the U.S., with
contributions from many disciplines.1 Epidemiologic
methods have advanced the understanding of the types,
nature, and timing of exposures that increase disease
risk.? Social and behavioral sciences have provided a
perspective on disease causation that goes beyond bio-
medical approaches, drawing on social-epidemiologic
approaches to understand the population distribution of
diseases and conditions and using population-based ap-
proaches that extend intervention research beyond high-
risk populations. Both basic and biomedical science have
made significant advances in targeted treatment strate-
gies. Still, the question remains: Isn’t there potential for
yielding even greater reductions in disease than have
been achieved to date? For example, many diseases con-
tinue to have disproportionately high prevalence among
racial and ethnic minority and lower-socioeconomic
groups. In addition, the need to reduce behavioral risk-
factor prevalence on a population basis has been recog-
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nized."” Tt has been estimated that community-based
cholesterol interventions are cost effective if blood cho-
lesterol levels are reduced by as little as 2%.* The full
implementation of currently available cancer prevention
and early-detection strategies at the population level
could reduce U.S. cancer mortality by approximately
60%.>°

Processes and mechanisms at one level (e.g., at the
molecular level) may influence outcomes at another
level (e.g., among population subgroups), thus calling
for a more-synergistic approach to understanding and
solving diseases and conditions. A transdisciplinary
approach to research, as proposed by Rosenfield,” may
be necessary if health promotion and chronic disease
prevention efforts are to live up to their potential. A key
goal of this paper is to explore the role of transdisci-
plinary collaboration in the translation of research
related to public health, and, in particular, to explore
factors that appear to facilitate effective and sustainable
translation. Although some examples provided may
influence bench-to-bedside translation, the primary fo-
cus in this paper is on addressing socioeconomic and
racial/ethnic disparities and on closing the evidence-
to-practice gap.

Public Health and Transdisciplinary Science

Public health is the ideal environment in which to
develop transdisciplinary science. The social-ecologic
model,® a framework that is widely used for exploring
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the factors that influence health and health behavior,
recognizes that health is affected by factors across levels
of influence, including intrapersonal, interpersonal,
organizational, community, and societal. Although
there is work in many areas at each level, a transdisci-
plinary approach is much more likely to stimulate a
search for opportunities for synergy across levels. There
has long been a call for linking research and interven-
tion approaches across levels,® but to date there has
been relatively little work in this area. One concern is
that tremendous inefficiency is introduced by not con-
sidering inter-connections across disciplinary bound-
aries. For example, if the primary focus of work in
obesity and energy balance is on sociocultural factors,
eventually the limits of not considering both environ-
mental and physiologic factors will be realized. In
addition, the authors agree with Abrams'’ that trans-
disciplinary approaches to addressing health disparities
are crucial, precisely because the causes of disparities
are multifactorial. As noted by Kaplan,'' reducing and
eliminating disparities calls for multidisciplinary mod-
els that account for how distal factors, such as social and
economic policies, and proximal factors, such as ge-
netic make-up and pathophysiology, simultaneously
interact to affect population subgroups differently.
Transdisciplinary science can contribute to understand-
ing the mechanisms that potentially link these different
determinants studied in and from different disciplinary
realms and can develop action that may be necessary to
ameliorate disease conditions. If a transdisciplinary
approach to research in health disparities is not taken,
the affected communities are likely to experience en-
during disparities, frustration with the process of re-
search, and perceived limited gain/benefit to research
participation.

The Development of Transdisciplinary Initiatives

Ruddy and Rhee'? have identified a number of features
that facilitate the development of effective transdisci-
plinary teams. These include institutional support of both
transdisciplinary approaches in general and in particu-
lar the specific endeavor in which transdisciplinary
science is being applied; feam selection, which includes
representation by all relevant disciplines and commu-
nity group members; fraining, which provide ongoing,
cross-disciplinary education and opportunities for
problem-based and experiential learning; common goals,
which serve to functionally operationalize transdisci-
plinary science through the selection of measurable
outcomes and evaluation approaches; and multidirec-
tional communication, which recognizes the contribu-
tions of all team members on an ongoing basis. Several
structural factors also facilitate the development of
effective transdisciplinary teams, including having
shared space, a reduction of institutional barriers, a
strong history of collaboration, and educational and
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training opportunities for students and staff who can
help to break down disciplinary barriers. Examples of
how transdisciplinary collaborations have developed in
both university and community settings illustrate these
principles.

Transdisciplinary Initiatives in University Settings
The Dana-Farber/Harvard Cancer Center

The experience of establishing the Dana-Farber/Har-
vard Cancer Center (DF/HCC) provides an example of
the importance of institutional support for and com-
mitment to transdisciplinary engagement. For more
than 30 years, the Dana-Farber Cancer Institute was a
single-institution comprehensive cancer center. The
National Cancer Institute (NCI) strongly encouraged
the formation of a larger, matrix cancer center, consist-
ing of the seven academic institutions and teaching
hospitals in the Harvard system. Bringing together
seven institutions with a strong history of competition
was challenging. However, there was a strong sense of
institutional readiness to engage in this activity, and a
genuine interest in the scientific progress that could be
made through cross-institutional and cross-disciplinary
research.

Each of the institutions brought both unique and
overlapping disciplinary strengths. For example, the
Dana-Farber had large efforts underway in basic and
clinical science. However, its population-science group
was strong but small, and could not meet the growing
demands for collaboration. Bringing the Harvard
School of Public Health and the Brigham and Women’s
Hospital—with significant strength in population
studies—into the cancer center expanded the avail-
able expertise in this area and provided opportuni-
ties for new translational research endeavors, in
bench-to-bedside translation as well as in efforts to
reduce the gap between the evidence base and
practice-in-community settings. As a result, popula-
tion science emerged as a major strength in DF/HCC
activities.

Cancer center leadership placed a heavy emphasis on
creating “nodal points,” or the intersection and devel-
opment of interdisciplinary research projects between
disease-based programs (e.g., breast, prostate) and the
basic disciplines of cancer research (e.g., cancer biol-
ogy, epidemiology). These nodal points have provided
a key infrastructure for productive interdisciplinary
interaction. Internal pilot funds are available only for
projects that create new nodal points. The review teams
represent all disciplines, and include scientists with
experience in transdisciplinary approaches. The ap-
proach has spawned new collaborations across a range
of disciplines. For example, a recently funded project
examines the role of vitamin D as a contributor to
colorectal and prostate cancer disparities. A team con-
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sisting of behavioral scientists, disease-based scientists,
and epidemiologists are collaborating to look at vita-
min D supplementation and uptake on disease markers
among blacks. This study looks at the multiple levels of
influence on colorectal cancer risk, and holds consid-
erable promise for informing future cancer-prevention
trials that seek to reduce racial disparities in cancer
outcomes. This work would not have been likely had
the DF/HCC not provided the initial opportunities for
dialogue among these investigators and the pilot fund-
ing that led to other sources of support.

The organizational structure of the DF/HCC pro-
vided fresh opportunities for the development of a
transdisciplinary approach. The leadership group in-
cludes representation from each of the disciplinary
areas (e.g., population, clinical, and basic science), as
well as from each of the institutional partners, and each
of its members has a vote on key operational and
budgetary matters. Because of the size of the DF/HCC
(>1000 members in seven institutions spread across the
city of Boston), there are significant barriers to collab-
oration in terms of geographic dispersion. So far this
issue has been addressed by a commitment to regular
meeting times and rotating meeting locations. That
said, the lack of geographic proximity can provide a
barrier because it prevents day-to-day, routine, un-
planned, informal interactions, and may have implica-
tions for the design of interdisciplinary centers versus
discipline-bound departments.

To facilitate cross-institutional collaboration, a com-
mon, centerwide administrative infrastructure was cre-
ated. Regular meetings with institutional administrative
representatives were designed to facilitate communica-
tion and streamline DF/HCC processes. Although
progress has been made, many challenges remain. A
particularly vexing problem is the fact that the partner
institutions are separate fiscal entities, and thus require
subcontracts for joint grant applications. This can
sometimes discourage investigators from engaging in
cross-institutional collaboration. However, one signifi-
cant advance has been the creation of a single IRB that
reviews all cancerrelated protocols from the partner
institutions. This greatly reduces the burden on inves-
tigators related to multiple IRB submissions resulting
from cross-institutional collaborations.

When this effort is evaluated against the features of
effective transdisciplinary collaborations identified by
Ruddy and Rhee,'? it is clear that there has been
significant institutional support, careful team selection
to support strong interdisciplinary interactions, the
elucidation of common goals that help to operational-
ize transdisciplinary metrics, and multidirectional com-
munication. However, the common metric for assessing
the DF/HCC’s success at creating transdisciplinary
approaches has been the development of new funding,
including program projects and large center grants.
This remains less than ideal as a metric for assessing the
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impact of the cancer center’s approach to fostering
interdisciplinary research, as not all collaborations have
the same level of interdisciplinary science. Other met-
rics are needed to truly measure the impact of this
approach. Further, the question can be raised whether
the transdisciplinary collaborations that have occurred
are a function of the DF/HCC or would have occurred
without it. Quite possibly some transdisciplinary part-
nerships would have developed out of mutual interest
and openness to different disciplinary perspectives.
However, in such a large setting, with >1000 cancer
center members, there are many barriers to collabora-
tion that the DF/HCC infrastructure can overcome.
Further, in some parts of the university there is an
emphasis placed on single-disciplinary approaches as
the path to promotion. Because the DF/HCC provides
a sanctioned setting in which researchers can consider
the contribution of approaches outside of their individ-
ual areas, it has thus has made major contributions to
changing the norms of collaboration throughout the
system.

The YourCancerRisk Index

The Harvard Center for Cancer Prevention brought
together clinicians, epidemiologists, behavioral scien-
tists, and decision scientists to perform collaborative
research, to train the next generation of leaders in
cancer prevention, and to build communication plat-
forms for bringing prevention messages to the public.
The first major collaborative efforts focused on summa-
rizing the causes’ and prevention'® of cancer and devel-
oping a series of tools that might help communicate the
message that many forms of cancer are preventable. As
colon cancer is largely preventable'* and the relevant
content was well-developed, this served as a useful starting
point for bringing together epidemiologists, behavioral
scientists, and risk-communication scientists.'> The Har-
vard Colorectal Cancer Risk Assessment and Communi-
cation Tool for Research (HCCRACT-R)'*'® was an
interactive, computer-based tool used to provide indi-
viduals with their estimated personal risk for colorectal
cancer, and can be used as a tool to study different
risk-communication strategies. The risk-estimate calcu-
lation'® was based on extensive review of scientific
evidence and expert consensus on cancer-risk factors. It
took into account both risk factors that are not modi-
fiable (e.g., family history) as well as behavioral and
lifestyle factors that can be changed to reduce risk (e.g.,
screening, physical activity, diet). The computer-based
technology allowed developers to tailor the risk-
communication messages based on the patient’s risk
profile. Details on the development and validation of
the tool are provided elsewhere.'®

The look, features, and functionality of the website
were all influenced by transdisciplinary collaboration.
For example, the original plans for the tool called for a
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paper-and-pencil measure, based on the epidemiolo-
gists’ assumption that most people could accurately
complete the basic math needed to compute one’s risk
score. Formative research conducted by the behavioral
scientists demonstrated that there was a high level of
error, and thus the team worked together to develop
the website, whose design integrated principles from
multiple disciplines. Over time, the HCCRAT-R research
tool was expanded into the YourCancerRisk website,
through the collaboration of colleagues in health commu-
nication, behavioral science, and epidemiology. Ulti-
mately, the site was further expanded into YourDiseaseRisk,
which provides risk assessment and information across a
broad range of diseases (www.yourdiseaserisk.wustl.edu/).
Later modules were added that address factors at
multiple levels of influence, such as intrapersonal- and
community-level factors. The site has received numer-
ous awards for its content and continues to receive
almost 2000 unique visitor sessions per day, with an
average visit time of 8 minutes (Figure 1).

To date, evaluation of the tool has focused on risk
perception and planned behavior change.'”™ A broader

evaluation will be required to assess the full impact of the
transdisciplinary design team on the value of the overall
integrated risk-assessment tool. Evaluation within a health
plan that uses computerized medical records may offer a
valuable setting for formal evaluation and the assessment
of cost effectiveness.

Transdisciplinary Initiatives in Community Settings

The challenges in conducting community-based trans-
disciplinary research are many, although somewhat
different from university-based research. The issue for
communities engaging in scientific research is not
disciplinary in nature (as disciplinary is typically thought
of) but instead relates to power and resource distribu-
tion as well as to the knowledge of local culture, needs,
and preferences. A key consideration when extending a
transdisciplinary approach from the university setting
to the community is whether the community has exper-
tise at many levels and does not just represent a site in
which research can be conducted. Thus, the commu-
nity is, in essence, a contributing discipline that needs
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to be integrated into all aspects of project development.
Institutional barriers often arise, most notably between
the organizational and financial structures of university-
and community-based organizations. Universities are
intimately familiar with the federal research-funding
system and know how to take the best advantage of
federal research resources. Community organizations,
however, are often at a disadvantage because they lack
a research or fiscal infrastructure with an in-depth
understanding of this system. Universities are also
accustomed to having the bulk of a grant’s budget go to
their expenses; understandably, community groups are
increasingly dissatisfied with this situation, or with
being asked to “donate” their time and resources for
research. Time is another dimension on which there
are different cultures in university and community
settings. University researchers are accustomed to the
long lag-time between developing a research idea,
obtaining funding for it, and being able to implement
it; researchers are also accustomed to conducting large
studies that typically take years to complete. Commu-
nity members, on the other hand, often agree to be
involved in research in order to address key community
concerns that they want addressed in a timely manner.
There are clearly differentials in timelines, expecta-
tions, and resources that can make community-based
research collaborations very difficult.

Fortunately, there has been considerable emphasis
on trying to develop models for effective collabora-
tion between academic and community partners. The
community-based participatory research approach de-
veloped by Barbara Israel and colleagues®® exemplifies
the importance of developing shared expectations,
shared operating principles, and shared language in
the context of academic—community partnerships.
Four key principles of effective community-based par-
ticipatory research partnerships that relate to transdis-
ciplinary science stand out: (1) build on strengths and
resources within the community, and understand that
all participants have significant contributions to make;
(2) integrate knowledge and action for the mutual
benefit of all partners, so that the academic partners
are not the only ones benefiting from the data being
collected; it is crucial to recognize that knowledge is
power, and all parties must share equally in that power;
(3) promote a co-learning and empowering process
that recognizes that all participants have the opportu-
nity to learn from each other, and that the sharing of
knowledge and empowerment strengthens the entire
team; and (4) facilitate the collaborative, equitable
involvement of all partners in all phases of the research.
To the authors’ knowledge, there has been little re-
search investigating community readiness to engage in
transdisciplinary science. However, if these principles
are embraced, then the collaboration will by its nature
spur transdisciplinary thinking, because of the empha-
sis on the integration of knowledge, co-learning, and
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empowerment. For example, Israel’s work,>' which
focused on community-based participatory research
approaches to asthma, has resulted in novel approaches
to asthma management. High-level engagement of the
community in intervention design and evaluation made
it possible to broaden definitions of health and well-
being beyond the individual and beyond health behav-
iors and health services and to understand health as
produced within a social context.

The Massachusetts Community Network for
Cancer Education, Research, and Training

The Massachusetts Community Network for Cancer Edu-
cation, Research, and Training MassCONECT is another
example of a transdisciplinary collaboration in a commu-
nity setting that draws on principles of community-based
participatory research. This effort unites behavioral scien-
tists, epidemiologists, social epidemiologists, demogra-
phers, economists, and healthcare professionals with
key community coalitions in three urban, low-income
Massachusetts communities to advance cancer educa-
tion, community-based participatory research, training,
and cancer-control services. The particular focus of
MassCONECT is on policy and clinical-service delivery
to reduce cancer disparities in impoverished commu-
nities. It draws on sources of community strengths and
assets through collaboration with existing community
coalitions. Through the development of shared princi-
ples of engagement and collaboration, recognition is
given to the value of all the areas of expertise repre-
sented, including all coalition members.

Further, a process for access to pilot funds has been
developed that prioritizes interdisciplinary work and
collaboration across coalitions, thus providing incen-
tives for developing cross-disciplinary understanding
and acceptance. Moreover, two of the pilot projects
funded in the first year have emerged from interactions
among scientists from different disciplines (social epi-
demiology and demography, and communication sci-
ence) to map health disparities in the community and
then to communicate the disparities through the media
to influence public opinion about these disparities.
Although a hands-off approach (e.g., maps produced
by the social epidemiologist are then given to the
communication scientists for working with the commu-
nity) would be possible and perhaps easier, opportuni-
ties to integrate new learning from community perspec-
tives into the current and future products would be
limited.

New pilot projects emanate from the recent passage
of legislation to mandate universal health-insurance
coverage for all Massachusetts residents. The participat-
ing communities are enthusiastic that this reform may
lead to better healthcare coverage and, ultimately, to
better health outcomes among low-income communi-
ties. However, all recognize the need to be vigilant to
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determine the impact of this legislation, and have been
extremely concerned that federal programs for provid-
ing cancer-screening services for low-income popula-
tions are now at risk. Therefore, a partnership has
formed that encompasses a MassCONECT community
coalition; two community health centers; and academic
researchers representing health policy, health commu-
nication, and healthcare delivery to examine the im-
pact of the legislation on health outcomes from a
variety of perspectives. This project gives the commu-
nity a critical voice in the evaluation of a key public
policy that is intended to provide a benefit that to date
is unproven. The community’s role, particularly from
the service-delivery perspective, has already shaped the
evaluation in ways that would not have resulted had a
purely academic team addressed this problem.

It is too early to tell if MassCONECT will lead to a
transdisciplinary approach in either science or in the
delivery of healthcare services, but this is a goal of the
effort. It is crucial that evaluation metrics be developed
to gauge both a community’s readiness to participate in
transdisciplinary science and whether the community
can reap adequate benefits from such collaboration.

The Role of Translation/Dissemination in
Transdisciplinary Approaches

The long-term goal of any health-related research en-
deavor should ultimately be to improve the human
condition by reducing disease risk and prevalence and
improving the quality of life. It is imperative that these
research findings about cancer-risk reduction be trans-
lated to community-based settings that have the poten-
tial to affect population health. Transdisciplinary ap-
proaches have great potential to speed the rate at which
research can contribute to the understanding and
improvement of health. Unfortunately, to date there
has been relatively little adoption of evidence-based
practices,QQ_26 and, as a result, the potential of risk-
reduction efforts for cancer prevention have been
largely unrealized. Unless careful attention is paid to
this issue, innovations that occur as a result of transdis-
ciplinary approaches are likely to have the same fate.
A recent call for more focus on dissemination re-
search?”?® will help increase the adoption of best
practices. However, there is very little research focused
in this area, particularly in community settings and with
underserved populations. The failure to understand
infrastructure barriers to both program dissemination
and to design interventions that can be adopted in a
wide variety of community, public health, and clinical
practice settings may contribute to the difficulty of
broadly disseminating effective interventions. Com-
bined with a limited research base to inform dissemi-
nation practice, the uneven adoption of evidence-based
interventions to promote health and prevent disease
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can contribute to increasing health disparities.”® Dis-
semination and implementation research can help an-
swer the common question of how to take a program or
intervention that was tested and proven effective in one
population and disseminate it successfully into another
population. In light of limited resources, there have been
warnings that the slow integration of evidence-based in-
terventions into the community will continue unless a
specific focus on dissemination research is undertaken.*
It is imperative that transdisciplinary research teams, from
their inception, think about translation and dissemina-
tion, so that innovations that are sustainable, feasible in
community settings, and potentially influential on popu-
lation health can be realized. In particular, there is a need
for new conceptual models to bridge the existing gaps in
translational research, particularly related to efforts to
reduce the evidence-to-practice gap.”**"

One outstanding example of a dissemination tool
that is a product of many disciplines is the Cancer
Control PLANET (Plan, Link, Act, Network with
Evidence-based Tools). PLANET is a web-based portal
(http://cancercontrolplanet.cancer.gov/index.html) de-
veloped by and jointly sponsored by the NCI, the CDC,
the Agency for Healthcare Research and Quality, and
the American Cancer Society. The portal is designed to
provide evidence-based cancer control programs to
program planners, program staff, and researchers, thus
enhancing their access to tested interventions and
relevant data for program planning. PLANET includes
state cancer profiles, a guide to community preventive
services, research-tested interventions, and planning
guides. The website’s content results from the work of
dozens of intervention researchers, statisticians, geog-
raphers, and informaticians, and demonstrates how the
synergy of work in several disciplines can be used to
develop a tool for the dissemination for cancer control.

Summary

Transdisciplinary approaches are a key part of efforts to
address vexing public health problems and to achieve
effective and durable translation. However, transdisci-
plinary approaches require a systematic and thoughtful
process in which transdisciplinarity is valued and sup-
ported (monetarily and otherwise) by leadership, and
through which barriers are minimized. Although there
is currently much rhetoric in academic circles about
transdisciplinary approaches, it is much easier to talk
about these approaches than to implement them in a
meaningful way. Careful attention to implementation is
needed if transdisciplinary approaches are to fulfill
their potential.

No financial disclosures were reported by the authors of this
paper.
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Interdisciplinarity and Systems Science to Improve

Population Health

A View from the NIH Office of Behavioral and Social Sciences
Research

Patricia L. Mabry, PhD, Deborah H. Olster, PhD, Glen D. Morgan, PhD, David B. Abrams, PhD

Abstract:

Fueled by the rapid pace of discovery, humankind’s ability to understand the ultimate
causes of preventable common disease burdens and to identify solutions is now reaching
a revolutionary tipping point. Achieving optimal health and well-being for all members of
society lies as much in the understanding of the factors identified by the behavioral, social,
and public health sciences as by the biological ones. Accumulating advances in mathemat-
ical modeling, informatics, imaging, sensor technology, and communication tools have
stimulated several converging trends in science: an emerging understanding of epigenomic
regulation; dramatic successes in achieving population health-behavior changes; and
improved scientific rigor in behavioral, social, and economic sciences. Fostering stronger
interdisciplinary partnerships to bring together the behavioral-social-ecologic models of
multilevel “causes of the causes” and the molecular, cellular, and, ultimately, physiological
bases of health and disease will facilitate breakthroughs to improve the public’s health.

The strategic vision of the Office of Behavioral and Social Sciences Research (OBSSR) at
the National Institutes of Health (NIH) is rooted in a collaborative approach to addressing
the complex and multidimensional issues that challenge the public’s health. This paper
describes OBSSR’s four key programmatic directions (next-generation basic science,
interdisciplinary research, systems science, and a problem-based focus for population
impact) to illustrate how interdisciplinary and transdisciplinary perspectives can foster the
vertical integration of research among biological, behavioral, social, and population levels
of analysis over the lifespan and across generations. Interdisciplinary and multilevel
approaches are critical both to the OBSSR’s mission of integrating behavioral and social
sciences more fully into the NIH scientific enterprise and to the overall NIH mission of
utilizing science in the pursuit of fundamental knowledge about the nature and behavior
of living systems and the application of that knowledge to extend healthy life and reduce
the burdens of illness and disability.

(Am J Prev Med 2008;35(25):5211-S224) © 2008 American Journal of Preventive Medicine

Introduction

r [ VYhe vision of the National Institutes of Health
(NIH) Office of Behavioral and Social Sciences
Research (OBSSR) presented here provides an

overview of the increasing role that transdisciplinary

science and systems science methods are playing in

transforming the understanding of the causality of
health and disease in order to improve population-wide
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well-being. OBSSR, situated in the Office of the Direc-
tor of the NIH, is mandated to stimulate, integrate, and
increase support for behavioral and social sciences
research across the 27 institutes and centers that con-
stitute the NIH. OBSSR’s other responsibilities include
disseminating behavioral and social sciences research
findings and providing advice to and communicating
with the NIH Director, the legislature, other govern-
ment agencies, the research community, and the gen-
eral public on matters regarding behavioral and social
sciences research. OBSSR serves as the nexus for
cross-cutting research on the role that behavioral and
social factors play in the etiology, treatment, and pre-
vention of disease and in the promotion of health and
improved quality of life. Additional information about
OBSSR can be found at the Office’s homepage
(obssr.od.nih.gov).
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There is growing recognition that the solutions to the
most vexing public health problems are likely to be
those that embrace the behavioral and social sciences as
key players. To address this recognition, in 2007 OBSSR
adopted a new strategic prospectus1 to guide future
priorities in the behavioral and social sciences at NIH.
At the core of OBSSR’s vision is a vertical integration
across the levels of scientific analysis, that is, a transdis-
ciplinary integration of the biomedical paradigms of
molecular and physiological causal mechanisms with
the ecologic paradigms of multilevel (individual,
group, community, societal, and global) “causes of the
causes” of health and disease.??

A note on terminology: As described by Stokols
etal.,?

Interdisciplinarity is a more robust approach to
scientific integration in the sense that team mem-
bers not only combine or juxtapose concepts and
methods drawn from their own different fields,
but also work more intensively to integrate their
divergent perspectives, even while remaining an-
chored in their own respective fields. Transdisci-
plinarity is a process in which team members
representing different fields work together over
extended periods to develop shared conceptual
and methodologic frameworks that not only inte-
grate but also transcend their respective disciplin-
ary perspectives.

Rosenfield” suggests that the term interdisciplinary lies
between multidisciplinary and transdisciplinary science,
implying a continuum along which the terms lie. How-
ever, the terms interdisciplinary and transdisciplinary sci-
ence are sometimes used interchangeably, both within
and outside the NIH. In the short term, because much
of the work described here by OBSSR involves moving
from multidisciplinary to interdisciplinary science, the
term interdisciplinary is used throughout most of this
document. Interdisciplinary is also the most common
term used in the NIH Roadmap for Medical Research.’
A long-term goal of OBSSR is to facilitate a process for
moving from interdisciplinary analyses to the deeper
conceptual synthesis and transformative momentum
promised by transdisciplinary science.

The Value of Behavioral and Social Sciences
Research Knowledge and Practice for Improving
Public Health

A great deal is known about the basic science of how to
change individual and population behavior. The appli-
cation of findings from behavioral and social sciences
research already plays a significant role in safeguarding
and improving the public’s health. The following se-
lected examples provide a starting point to illustrate the
tremendous power of psychosocial factors alone and
the value of basic and applied behavioral and social

$212 American Journal of Preventive Medicine, Volume 35, Number 2S

sciences research in informing and improving the
public’s health.

Population and biological sciences identified tobacco-
use behavior as the primary cause of most lung cancers
and a leading cause of many other diseases, including
cardiovascular disease. Behavioral and social sciences
research informed the smoking interventions (individ-
ual, community, and policy level) that have spurred a
dramatic reduction in U.S. tobacco use since its peak in
the 1960s. In fact, the past decade witnessed a decline
in overall cancer death rates for the first time in a
century,” driven largely by the dramatic reduction in
male smoking rates, from 54.1% at their peak in 1965°
t0 23.9% today.” Within the relatively short time span of
40 years, more than 45.7 million Americans have
stopped smoking.? This is arguably one of the most
successful public health interventions in recorded his-
tory,"™'! and it has reduced the burden of many other
diseases and excess societal expense as well. Behavioral
and social sciences research can take much of the credit
for this. Such research also has been at the center of
understanding the multiple determinants of smoking
initiation and cessation. Findings from behavioral and
social sciences research have informed a broad spec-
trum of approaches (e.g., policy, cessation and preven-
tion programs, communication of the risks associated
with tobacco use). Of these, policy interventions (e.g.,
smoking bans, cigarette taxes) have been found to be
among the most effective strategies for reducing smok-
ing prevalence. (For in-depth treatment of this topic,
see Ending the Tobacco Problem: A Blueprint for the Na-
tion."?) Because of behavioral and social sciences re-
search, tobacco use has been changed on a massive
scale despite the highly addictive nature of nicotine.

Another achievement of behavioral and social sci-
ences research is the landmark NIH Diabetes Preven-
tion Program (DPP), which showed that lifestyle
changes (i.e., alterations in dietary intake and physical
activity that led to a reduction in body weight) were
nearly twice as effective as a common medication in
reducing the risk of developing type 2 diabetes.'” An
interdisciplinary effort to harness the power of the DPP
intervention trial, together with lessons learned from
tobacco control (especially around policy interven-
tions), could help reverse the obesity and type 2
diabetes epidemics sweeping the developed world, and
perhaps do so in less time than it took to cut smoking
prevalence in half.

Research in the behavioral and social sciences has
also spawned great progress in the development of
effective treatments for the mental illnesses and disor-
ders that are the leading contributors to disability.
Meta-analyses show that cognitive—behavioral therapy is
effective for unipolar depression, generalized anxiety
disorder, panic disorder with or without agoraphobia,
social phobia, posttraumatic stress disorder, childhood
depressive and anxiety disorders, marital distress, an-
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ger, childhood somatic disorders, and chronic pain.14

Moreover, cognitive—behavioral therapy is superior to
antidepressants in the treatment of adult depression.'*
Finally, while a combination of cognitive—behavioral
therapy and fluoxetine has been shown to be equal to
fluoxetine alone in alleviating moderate-to-severe de-
pression in adolescents, adding cognitive—behavioral
therapy improves the safety of the medication by reduc-
ing suicidal ideation and events.'”

Another major public health success to which behav-
ioral and social sciences research on decision making,
drug abuse, and sexual behaviors has made a significant
contribution is the mitigation of the spread of HIV/
AIDS.'®'7 As people have reduced their frequency of
risky behaviors and new medications have become
available, new AIDS cases in the U.S. have been cut
almost in half, from a peak in 1992 of over 78,000 to
approximately 40,000/year since 1998."® The contribu-
tions from behavioral and social sciences research
along with the development of effective pharmacother-
apies have changed HIV from an imminent death
sentence to a treatable, chronic disease. But for medi-
cations to be successful, they must be taken on a regular
basis, and behavioral and social sciences research has
contributed to significant, albeit modest, improvements
in adherence.'” An effective partnership between the
behavioral and social sciences and the biomedical
sciences is at the core of the progress being made in the
fight against HIV/AIDS worldwide.

Given the powerful discoveries and successes of basic
and applied behavioral and social sciences research—
largely achieved within single disciplinary silos without
the scientific breakthroughs of recent times—OBSSR’s
vision is cautiously optimistic. It reflects a recognition
that a new era is dawning in the 21st Century, an era for
prevention and for re-engineering the lifestyles and
environments that have been created previously. Life-
style behaviors, social and physical environments, and
policy and economic incentives can indeed be
changed. Advances in biology, especially emergent
work on epigenomics; dramatic successes in achieving
population behavior changes; and improved rigor in
behavioral, social, economic and population sciences
are continuing apace, due in part to advances in
mathematical modeling, informatics, imaging, sensor
technology, spatial coding, cyber-infrastructure, and
communication tools. These trends facilitate the under-
standing of the causes of preventable chronic, common
diseases and poor health outcomes, and enable the
development of targeted solutions. Changes are in
order in the behavioral, social, chemical, and physical
environments that are much more user-friendly to the
fixed-DNA sequences of human beings. The new tools
and technologies and the potential for interdisciplinary
and, ultimately, transdisciplinary vertical synthesis from
cells to society (e.g., Glass and McAtee®”) set the stage
for OBSSR’s strategic vision for the future of both basic
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and applied behavioral and social sciences research at
NIH and elsewhere.

Overview of OBSSR’s Strategic Vision at NIH

The vision of OBSSR, as articulated in the strategic
prospectus, is to mobilize the biomedical, behavioral,
social, and population science research communities as
partners to solve the most pressing health challenges
faced by society.! Such a transdisciplinary approach is
called for because there is increasing awareness that the
most daunting and intractable problems in public
health are so because of their complexity, and that the
failure to appreciate and adequately address this com-
plexity is thwarting attempts to tackle these problems.!
Indeed, the health and well-being of the whole popu-
lation may be best conceptualized as a “systems” prob-
lem, occurring on a continuum over the human lifes-
pan as well as across a variety of levels of analysis,
ranging from the cellular and molecular to individual
and interpersonal behaviors, to the community and
society and to macro-socioeconomic and global levels
(Figure 1).*

The OBSSR at NIH has historically embraced a
biopsychosocial perspective on the causes and corre-
lates of health and illness.**** Extending the biopsy-
chosocial model, Glass and McAtee® provide an even
stronger rationale for OBSSR’s taking an interdisic-
plinary and systems science perspective to improve
understanding of the forces that determine optimal
health promotion and prevention, reduced disease
burden, and improved chronic disease management
across the human lifespan and across generations.

Consistent with the Glass and McAtee model of
problem conceptualization,”® the OBSSR staff recog-
nize that the health problems of the 21st Century are
complex. Solving these problems not only demands a
movement from interdisciplinarity to transdisciplinarity
synthesis, but also dictates the methods needed for
addressing them.*>?° OBSSR’s emphasis on systems
science reflects this awareness.
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Figure 1. Transdisciplinary integration: from cells to society
over time and across lifespan developmental phases
Reprinted with permission from Abrams®*
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The OBSSR’s Strategic Prospectus

The strategic prospectus recently published by OBSSR!
articulates four new programmatic directions, summa-
rized below:

e Next-generation basic science: OBSSR will facilitate
the next generation of basic behavioral and social
sciences research informed by breakthroughs in
complementary areas such as genetics, informatics,
computer science, measures, methods, and multi-
level analyses.

e Interdisciplinary research: OBSSR will facilitate col-
laborative research across the full range of disci-
plines and stakeholders necessary to fully elucidate
the complex determinants of health and health-
systems challenges. Such collaborations will yield
new conceptual frameworks, methods, measures,
and technologies that will speed the improvement of
population health.

e Systems science approaches to health: OBSSR will
stimulate research that integrates multiple levels of
analysis in problem conceptualization and recog-
nizes the complex and dynamic relationships among
components of the system. These approaches are
required to understand the ways in which individual,
contextual, and organizational factors interact to
determine health status.

e Population impact: OBSSR will work with its NIH
partners to identify key issues in population health
toward which scientists, practitioners, and decision
makers can work together to accelerate the transla-
tion, dissemination, and implementation of the find-
ings of BSSR in the service of improved health. This
programmatic direction emphasizes a research
agenda that is problem-focused and outcomes-
oriented. It begins with a complex but clearly de-
fined health problem and works backwards from the
problem to identify the multiple causal pathways and
feedback loops that will lead to development of the
most powerful and efficient set of interventions to
address the problem.

Interdisciplinarity is an explicit, programmatic
theme within the OBSSR strategic prospectus that, in
fact, pervades all other themes. A number of other
cross-cutting themes also underlie OBSSR’s program-
matic directions. These themes include: (1) the elimi-
nation of health disparities®; (2) the strengthening of
the science of dissemination (the quest for scientific
evidence to determine the most effective ways to trans-
late findings from basic research and clinical trials
performed under ideal conditions to the successful
widespread adoption and implementation by all target
audiences and in national health policy)®”?%; (3) capi-
talizing on recent advances in informatics, communica-
tions, imaging, sensor technology, and data-visualization
techniques that aid data analysis and interpretation®’;
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and (4) investigating commonality among theories and
mechanisms of behavior change and sustained mainte-
nance of change. Another goal of OBSSR is to enhance
the interdisciplinary training of the current and next
generation of behavioral and social scientists.

A critical milestone for enhancing interdisciplinary
science and systems science is the rapid deployment of
various components of cyber-infrastructure, making
connectivity possible from the local to the global
scale.””*” The National Science Foundation’s landmark
Atkins report® enumerates the potential and the criti-
cal base technologies underlying cyber-infrastructure,
including the integrated electro-optical components of
computation, storage, and communication that con-
tinue to advance in raw capacity at exponential rates.
Above the cyber-infrastructure layer are the software
programs, services, instruments, data, information,
knowledge, and social practices applicable to specific
projects, disciplines, and communities of practice. Be-
tween these two layers is the cyber-infrastructure layer
of enabling hardware, algorithms, software, communi-
cations, institutions, and personnel. This layer should
provide an effective and efficient platform for the
empowerment of specific communities of researchers
to innovate and eventually revolutionize what they do,
how they do it, and who participates.

The next section elaborates on the programmatic
directions outlined above, and includes specific re-
search examples.

Programmatic Direction #1. Next-Generation
Basic Science

Basic biomedical, behavioral, and social sciences re-
search has produced enormous advances in under-
standing the factors that contribute to the risk of
disease and to optimal health. Genetic studies in the
20th Century revealed mutations in individual genes
responsible for a relatively small number of rare dis-
eases, like Duchenne muscular dystrophy, cystic fibro-
sis, and sickle cell disease. The sequencing of the
human genome and the completion of the HapMap
have opened the door to genomewide association stud-
ies that will accelerate the identification of genetic
contributions to health and disease. Simultaneously,
advances in molecular and cellular biology, bioinfor-
matics, and imaging are providing a rich, systems-
biology view of cellular, organ, and organismal physiol-
ogy, all of which will improve understanding of the
etiology of disease and the ability to manage it.

At the same time, OBSSR recognizes that behavioral
factors and social conditions have profound effects on
the development and progression of common chronic
diseases, premature disability, and mortality. Humans
are both agents of change and affected by the process
of change over time. This reciprocal determinism®'
is a dynamic process and is often nonlinear, multi-
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determined, and multilevel in nature. Patterns of be-
havior, exposures to pathogens, and the social and
physical built environments are rapidly changing as a
result of human agency. For example, tobacco use, diet,
physical activity, obesity, and HIV/AIDS have all
changed dramatically within the relatively short period
of 1 or 2 decades during the 20th Century. Many
changes in lifestyle and living conditions have had large
impacts on subgroups of the population and on the
absolute rates of disease burden within the whole
population. On the positive side, from 1900 to 2004,
the U.S. population witnessed a dramatic increase in
life expectancy, from 47.3 years to 77.8 years, due
primarily to changes in life circumstances and, more
recently, due to improvements in health care.’? On the
negative side, between 1976 and 1980 and in 2003-
2004, the prevalence of obesity—a risk factor for type 2
diabetes, heart disease, cancer, and other serious
health problems—more than doubled in adults (from
13% to 34%) and in children aged 6-11 (from 7% to
19%), and more than tripled in adolescents (from 5%
to 17%).*® Moreover, persistent problems like tobacco
use and disparities in health remain as leading causes of
preventable disease burden, disability, and death.

An enormous scientific challenge now presents itself:
What are the best ways to understand, prevent, and
treat common, chronic diseases like heart disease,
cancer, addiction, and mental illness when it is appar-
ent that they are the result of interactions between
individuals—in all their biological complexity—and
their ever-changing physical, behavioral, and social
environments? To maximally improve population
health, the individual’s genome and biology must be
viewed in its much broader environment. Human ge-
netic sequences are static, but the functional expression
of that DNA sequence is influenced by the environ-
ment. To begin unraveling this complexity, NIH
launched its Genes, Environment and Health initia-
tive®® and the Genetic Association Information Net-
work.>* These trans-NIH efforts seek to identify how
gene—environment interactions contribute to common
diseases by supporting genomewide association studies
to link particular genetic variants to specific diseases
and the development of environmental and biomarker-
sensor technologies to measure behavioral and chemi-
cal exposures.

These activities are an excellent start, but significant
challenges remain. The massive amounts of genetic and
exposure data that will be collected will make sense
only with improved basic behavioral and social sciences
research, which can address questions such as these:
How should statistical power calculations and the interpreta-
tion of significant versus spurious associations be handled
when so many variables can now be explored simultaneously?
What is the best way to measure human phenotypes and the
intermediate phenotypes that underlie complex clinical disease
categories? What are the health-relevant physical, behavioral,

August 2008

and social environments, and how should these environmental
exposures be measured over an entire lifespan? How can true
gene—environment interactions be captured, and what are the
mechanisms underlying these interactions 5 How might en-
vironments be changed so that they foster, instead of assail,
health?

The above considerations, as well as others, have led
OBSSR to the following research priority areas in
next-generation basic behavioral and social sciences
research:

Gene-environment interactions. How do genetic en-
dowment and early-life experiences interact to deter-
mine physical and mental health later in life? How do
behavioral, social, chemical, and physical environments
cause epigenomic changes that, in turn, influence gene
expression?

Environmental effects on physiology. How is psychoso-
cial stress transduced into a biological signal that influ-
ences physiology? Can these findings be used to under-
stand group behavior in the context of trauma such as
natural or man-made disasters? Or can they be used to
elucidate mechanisms underlying the deleterious effects
of impoverished environments on health? How do large-
scale societal structures (e.g., racial segregation, immigra-
tion and acculturation patterns, economic discrimina-
tion) affect physiology and, ultimately, health?

Technology, measurement, and methodology. How
can the rapid establishment of cyber-infrastructure,
grid computing, and recent advancements in computer
sciences, informatics, imaging, networking, and knowl-
edge management be harnessed to improve data col-
lection and analysis? How can the development of new
tools and methodologies be improved so that they
measure more precisely and directly behavior and
social environments in real time (e.g., ecologic momen-
tary assessment, personal sensors, geospatial coding
methods) and decipher multilevel pathways linking
biology, behavior, environment, and societal trends?

Social integration and social capital. How do advances
in technology and mobility affect neighborhood social
networks and mechanisms such as resilience and con-
nectedness? What is the impact of these advances on
health behaviors?

Complex adaptive systems. How can the growing un-
derstanding of complex adaptive systems be used to
better understand the process of decision making in
health at the personal and systems levels?

Social movements and policy change. How do social
movements related to health take shape and permit
things like tobacco taxes, smoke-free workplace poli-
cies, and school lunch program changes to occur? How
and why must public opinion change before legislative,
regulatory, or other legal action is possible? What
science will enable researchers to frame messages in

Am ] Prev Med 2008;35(2S) $215



ways that maximize the chances for motivating and
sustaining positive, health-related change?

Investigators are beginning to address these ques-
tions. For example, Caspi and Moffitt®® have been at
the forefront of studies linking gene—environment
interactions to psychiatric disorders in humans. Using
data from the longitudinal Dunedin cohort study, they
demonstrated that a particular, functional polymor-
phism in the promoter region of the serotonin trans-
porter gene moderates the depressogenic influence of
stressful life events during childhood. They reported
that childhood maltreatment predicted adult depres-
sion only among individuals carrying the short allele
genotype, but not among individuals carrying two cop-
ies of the long allele. Notably, the genotype did not
predict adult depression.’” These data illustrate that
the social environment during childhood interacts with
genetics to influence adult behavior and disease.

The biological pathways underlying gene—social en-
vironment interactions are being explored as well.
Meaney, Szyf, and colleagues®® have completed an
elegant series of studies elucidating the mechanisms
underlying the long-term effects of rat maternal behav-
ior on the behavioral and neuroendocrine stress re-
sponses of their offspring. They have reported that a
particular style of maternal behavior (low maternal
rat-pup licking and arched-back nursing) during the
first week of postnatal life leads to increased and
prolonged reactivity of the hypothalamic—pituitary—
adrenal (HPA) axis in the offspring. These changes are
associated with reduced glucocorticoid receptor-gene
expression in the hippocampi of the offspring, which
appears to be due to epigenetic changes (increased
DNA methylation, altered histone acetylation) in the
promoter region of the glucocorticoid receptor gene.
Central infusion of the histone deacetylase inhibitor,
trichostatin A, to the offspring during adulthood re-
verses the previously defined differences in histone
acetylation, DNA methylation, glucocorticoid-receptor
expression, and HPA axis responses to stress, thus
suggesting a causal relationship between patterns of
maternal care and the epigenomic state, glucocorticoid-
receptor expression, and stress responses in the off-
spring. While the extent to which these findings might
generalize to other instances of behavioral and environ-
mental programming remains to be determined, these
findings do suggest that an epigenetic mechanism may
underlie the transmission of intergenerational effects
of a behavioral stimulus—one that is potentially re-
versible but can have dramatic downstream conse-
quences (heightened neuroendocrine response to
stress) across the offspring’s lifetime.

Thus, there is enormous potential for greater under-
standing of gene—environment interactions and health
through interdisciplinary partnerships among the be-
havioral and social sciences and the biomedical sci-
ences as the field of epigenetics/epigenomics emerges.
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To support work at this leading edge of discovery, NIH
has recently launched its NIH Roadmap Epigenomics
Program® as part of the NIH Roadmap. Among the
goals of the NIH Roadmap Epigenomics Program are
the following: (1) to coordinate and develop a series of
reference epigenome maps, analogous to genome
maps, which will be publicly available to facilitate
research in human health and disease; (2) to evaluate
the epigenetic mechanisms in aging, development,
environmental exposure (including physical and chem-
ical exposures), behavioral and social environments,
and modifiers of stress; and (3) to develop new tech-
nologies for the epigenetic analysis of single cells and
the imaging of epigenetic activity in living organisms.

Programmatic Direction #2. Interdisciplinary
Research

The staff at OBSSR recognize that solving the most
pressing health problems will require a greater under-
standing of the full range of factors that determine
health—biological, behavioral, social, and environmental—
and of their complex interrelationships. In some in-
stances, a single research discipline is best suited to
tackle specific health problems. However, most com-
mon, serious, health problems cannot be adequately
addressed solely within a single discipline, instead
requiring a more comprehensive approach. New dis-
coveries and innovative solutions may become possible
when researchers in different disciplines meet at the
interfaces and frontiers of those disciplines to pool
their diverse bodies of knowledge. Interdisciplinary
research and education are inspired by the drive to
solve complex questions and problems, whether gener-
ated by scientific curiosity or by pressing social need.
Over time, collaboration among diverse scientists may
shift from multidisciplinary and interdisciplinary work
to a full transdisciplinary synthesis that has the poten-
tial to produce new disciplines, as in psychoneuroim-
munology, cognitive and social neurosciences, and
behavioral genetics.

Research on stress and cancer is an excellent example
of interdisciplinary research involving the behavioral and
biomedical sciences. Antoni et al.*' recently integrated a
number of biomedical, behavioral, and clinical studies
into a proposed mechanistic cascade underlying the links
among behavior, biology, and cancer. Evidence is accu-
mulating to suggest that stress, depression, and lack of
social support influence the risk of cancer. For example,
the breakup of a marriage has been associated with a
twofold increase in the risk of breast cancer,*” and long-
term chronic depression appears to increase general
cancer risks.**** Basic research in physiology established a
long time ago that the stress response is characterized by
the activation of the sympatho-adrenal system, which
releases the catecholamines, epinephrine, and norepi-
nephrine, and the HPA axis, which releases glucocorti-
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coids. More recently, animal models have shown that
catecholamines, glucocorticoids, and other stress hor-
mones influence multiple aspects of the tumor microen-
vironment, including: (1) the alteration of numerous
aspects of immune function, (2) the promotion of
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tumor cell growth, (3) the migration and invasive
capacity of cancer cells, (4) the stimulation of angio-
genesis by the induction of pro-angiogenic cytokine
production, and (5) the activation of oncogenic
viruses (Figure 2).1!
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Reprinted with permission from Antoni et al.*!
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Moreover, recent studies have shown that the phar-
macologic blockade of noradrenergic 8 receptors pre-
vents the exacerbation of cancer that is otherwise
observed following immobilization stress in mice, an
indication that B-adrenergic signaling is critical in
mediating the effects of stress on tumor growth in this
model.*> Some comparable data in humans are begin-
ning to emerge. For example, it has been demonstrated
that norepinephrine upregulates vascular endothelial
growth factor, which, in turn, stimulates angiogenesis
in two human ovarian cancer cell lines.*® This catechol-
amine also increases human colon cancer—cell migra-
tion, and both epinephrine and norepinephrine pro-
mote the invasion of ovarian cancer cells in vitro. Taken
together, data such as these indicate that a complex
matrix of psychological, social, and biological factors in
cancer, ranging from social isolation to viral infection,
affects known physiological processes that influence
cancer progression. Continued research in this area
may yield targeted interventions to influence behavior,
biology, or both to reduce the burden of cancer.

Programmatic Direction #3. Systems Science
and Health

The term systems science is used here to refer to bringing
to problem solving a perspective in which the problem
space is conceptualized as a system of interrelated
component parts (i.e., the “big picture”). This term was
chosen in lieu of several others that may be synony-
mous, such as systems thinking or complexity, because
some terms are associated with a particular “brand” of
thought, and the authors feel that systems science is
neutral while also inclusive. The system is viewed as a
coherent whole, while the relationships among the
components are also recognized and seen as critical to
the system, for they give rise to the emergent properties
of the system. Emergent properties are those properties
that can only be seen at the system level and are not
attributes of the individual components themselves
(e.g., a flock emerges when a group of birds flies
together; it is a property of the system, not of any
individual bird). Systems science offers insights into the
nature of the whole system that often cannot be gained
by studying the component parts in isolation. More-
over, in a systems approach, there is recognition that
embedded in the system are feedback loops, stocks and
flows, that change over time (i.e., dynamic, nonlinear,
complexity of the system).

The advantages of utilizing systems science as a
complementary method for addressing complex prob-
lems include the fact that nonlinear relationships, the
unintended effects of intervening in the system, and
time-delayed effects are often missed with traditional
reductionist approaches, whereas systems approaches
excel at detecting these. The common conceptual
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orientation that defines a systems approach can be
summarized as follows:

a paradigm or perspective that considers connec-
tions among different components, plans for the
implications of their interaction, and requires
transdisciplinary thinking as well as active engage-
ment of those who have a stake in the outcome to
govern the course of change.”

Systems science is not a single discipline; rather, it is
a linkage of disciplines to bring about problem under-
standing and solving under the paradigm described
above.

Systems science does not refer to a single methodol-
ogy; rather, it encompasses a wide range of methods
and tools (e.g., system dynamics simulation, agent-
based modeling, network analysis, Markov modeling,
soft-systems analysis, discrete-event modeling). While
technology is used to maximize the effectiveness of
systems approaches, systems science is not a technology.
For an in-depth introduction to this topic, readers are
encouraged to view webcasts of the 2007 Symposia
Series on Systems Science and Health.*”

By embracing systems science, the research community
will be better equipped to handle the policy-resistant
problems that abound in public health. Policy resistance
refers to the “tendency for interventions to be defeated by
the system’s response to the intervention itself.” *' In the
last decades of the 20th Century, almost in parallel to the
developments that spawned systems biology, the social-
ecologic model emerged as a dominant world view in
searching for explanations of the broader population-
level causes of the very same common, chronic diseases
that are the focus of biomedicine today.**™'

Other troubling causes of poor health and shortened
life expectancy, such as access to care and disparities
and inequality in healthcare delivery, have also been
studied. The population, behavioral, and social sci-
ences advanced beyond single discipline and simple
causal views toward another valid systems view of un-
derstanding health and disease. In this world view,
human behavior can be broadly defined as hierarchi-
cally organized along levels of complexity, from indi-
vidual behavior to collective behavioral patterns within
groups to higher levels of the clustering of patterns of
behavior that are embodied in neighborhoods, work-
sites, schools, communities, cultural, ethnic, or reli-
gious affiliations, to even broader patterns determined
by societal norms, financial incentives, and policies.
These higher-order levels of factors interact in com-
plex, dynamic, and multifactorial ways to produce the
so-called “causes of the causes” of the complex com-
mon, chronic diseases.” In this ecologic perspective, the
view of the ultimate “causes of the causes” lies as much
in the behavioral-social-ecologic environment as it
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does in the proximal biological environment evident
through reductionist approaches.

The implication of these disparate world views of
causation (biomedical and ecologic) calls for a broader
integration of the disciplines than has occurred to date.
OBSSR'’s view is that there should be a “macro” inte-
gration of the three broad disciplinary domains: the
largely biomedical sciences, the largely individual be-
havioral sciences, and the largely group or population-
level sciences of the ecologic world view.

Recently there has been a call for a new integrative
vision among the behavioral, social, and public health
sciences that might loosely be termed systems socio-
behavioral science, systems medicine, or, as one author has
put it, populomics.”® This is being called vertical integra-
tion, that is, integration across rather than within the
three broad domains (i.e., the biomedical; the individ-
ual behavioral [intra-individual variation]; and the pop-
ulation [inter-individual or cluster variation] levels) of
systems structure.” The hope is that this type of vertical
synthesis across varying levels of analysis will lead to a
next generation of science enabling further break-
throughs in the understanding and reduction of the
burden and suffering of the major common, chronic
diseases that afflict the U.S., other developed nations,
and, increasingly, the developing nations. OBSSR’s call
for systems science is a call for an increasingly global
perspective on the interaction, connectivity, and rela-
tionships within and across nations. The specific objec-
tives for OBSSR with regard to systems science are:

e To facilitate the development and application of the
conceptual frameworks and tools needed for the
application of systems methodologies to problems of
health and its determinants;

e To promote and support the development of in-
formatics tools to facilitate the collaboration and dis-
semination of data relevant to the behavioral,
population, and social sciences (e.g., longitudinal epi-
genetic, biomarker, social, and behavioral data related
to health);

e To contribute to the development of analytical
frameworks, methods, and algorithms capable of
integrating, analyzing, and interpreting highly di-
verse data with varying metrics from research on
genomic sequences, molecules, behavior, and social
systems;

e To collaborate in the development of the curricula,
modules, and materials required to train health
scientists in the application of systems science; and

e To encourage the application of systems-organizing
principles among stakeholder organizations in be-
havioral and social sciences research, and to pro-
mote the development of systems-organizing exper-
tise among leaders, policymakers, and researchers.

Bringing systems science to bear on public health
problems has the potential to explain how small
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changes at the individual level accumulate at the pop-
ulation level to reveal significant shifts in the absolute
causes of disease.”” System dynamics modeling and
agent-based models are methods that can simulate the
complex relationships among the components of a
system and emergent behavior—that is, behavior that is
observed at the bird’s-eye vantage point of the system
emerging from the behavior of the individual compo-
nents of the system (e.g., blood clotting and scab
formation emerge at the systems level from the behav-
ior of individual cells). Because of its unique ability to
consider simultaneously both the whole system and its
individual parts, systems science is capable of produc-
ing solutions that take into account a broad range of
factors pertinent to the problem under consideration;
for instance, genetic-to-environmental—, cellular-to-
behavioral-, and biological-to-social-systems approa-
ches have proven extremely valuable when applied to
problems identified in a variety of disciplines, including
defense,” business,”* and cellular biology.”””® Systems
science shows promise for unlocking the secrets of
complex, multidimensional health issues and for trans-
forming this knowledge into effective interventions that
can fundamentally change population health.”

An example of applying systems science to public
health problems is illustrated by Jones et al.,”® who used
system dynamics simulation modeling to explain type 2
diabetes prevalence since 1980 and to predict possible
futures through 2050. The conceptual model (Figure 3)
divided the U.S. population into those who do not have
diabetes (normal glycemic levels); those at high risk for
developing type 2 diabetes (i.e., people with prediabe-
tes, divided into diagnosed and undiagnosed); and
those who meet diagnostic criteria for type 2 diabetes
(diagnosed and undiagnosed, subdivided into with and
without medical complications from diabetes). The
conceptual model included births (entry into the sys-
tem); deaths (exit from the system); and individual
members’ movements among the diagnostic categories
over time (stocks and flows), as well as numerous
factors contributing to diabetes outcomes (e.g., clini-
cal management of diabetes, self-monitoring, healthy-
lifestyle adoption, and medication use).

The relationships among all of these variables were
quantified and the model was calibrated and validated
in an iterative process using historical data from a
variety of sources (e.g., the U.S. Census Bureau, the
National Health Interview Survey, the National Health
and Nutrition Examination Survey, and the Behavioral
Risk Factor Surveillance System).

Simulations were then generated according to a variety
of assumptions that were programmed into the model via
algorithms. Figure 4 shows the results of the simulated
population burden of diabetes (i.e., deaths) under various
scenarios where an intervention is introduced that is
designed to: (1) improve the clinical management of
those diagnosed with diabetes; (2) improve pre-diabetes
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Reprinted with permission from the American Public Health Association®®

management; and (3) prevent diabetes (through the
prevention of obesity). These three hypothetical scenarios
are compared to “baseline,” a predictive model in which
the status quo of diabetes clinical practices and preven-
tion activities is maintained at baseline levels.

The following outcomes were predicted under each
of the three scenarios:

1. The improved clinical management of diabetes
leads to short-term improvements in diabetes con-
trol, complications, and associated deaths. However,
following these improvements in the first few years,
there is a rapid rise in complication deaths. Improve-
ments in complications are rapidly overtaken by the
growth in diabetes prevalence because nothing has
been done to reduce diabetes onset.

2. Efforts to manage persons with prediabetes would lead
to reductions in the onset of diabetes initially, and
ultimately would reduce deaths from diabetes compli-
cations. But without prediabetes prevention efforts, the
amount of reduction in deaths is less than optimal.

3. Finally, the primary prevention of diabetes shows the
most drastic and lasting reductions in deaths.
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However, even this powerful step alone (i.e., reducing
rates of obesity without concurrent changes in prediabe-
tes management or clinical diabetes management) would
not reduce the overall burden of diabetes in terms of both
the number of unhealthy days (not pictured) and the
number of deaths due to diabetes right away (Figure 4).
In fact, the number of deaths attributable to diabetes
would actually rise through at least the year 2020, al-
though during subsequent decades, a significant decrease
in diabetes prevalence and deaths would occur. Thus, the
time perspective is vital to determining the value of a
strategy—that is, disease management works in the short
term, but primary prevention is more effective in the long
term. This example illustrates the potential of systems
science to inform healthcare and policy decisions to
improve population health.

In another example of adopting a systems approach
to improving the understanding of a public health
problem, Levy and colleagues developed SimSmoke,
a simulation model for guiding policy to make a
population impact on reducing smoking prevalence.
SimSmoke uses historical and current data to model
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the multiple sources and complex interrelationships
that determine tobacco-use prevalence and its health
effects. A discrete-time dynamic model was developed
that simulated smoking prevalence and tobacco-related
deaths over a 40-year period. The model employed a
first-order Markov process that modeled population
growth and age-based rates of tobacco initiation, cessa-
tion, and relapse. This model simulated the impact of
five policy-level interventions on smoking prevalence:
taxes, clean indoor-air laws, strategies to reduce youth
access to cigarettes, strategies to promote cessation
treatments, and mass-media policies. Researchers used
empirical and predicted data for the effects of each of
these areas on model parameters. SimSmoke showed
the relative contributions made by a variety of different
policy interventions (i.e., increasing cigarette prices,
introducing smoking bans, introducing media cam-
paigns to encourage cessation and prevention, imple-
menting additional restrictions on youth access to
tobacco, and introducing proactive quitlines) toward
the desired outcomes (i.e., reduction in smoking prev-
alence and reduction in deaths attributable to to-
bacco). Such models can be used to inform decisions
about how best to allocate financial resources and
formulate policies to optimize a desired public health
impact. The focus is on making an efficient population
impact to address a complex societal problem (tobacco-
use behavior) with an emphasis on outcomes and on
multiple causal pathways, feedback loops, and control-
systems dynamics that underlie the way the tobacco
industry and the public health constituencies vie for
their respective goals.

The above examples illustrate the potential for sys-
tems science to radically transform the behavioral,
social, and population sciences to a degree similar in
magnitude to the transformation that systems biology

August 2008

and bioinformatics are now bringing about in biology.
This sentiment is captured in the broad vision for
cyber-infrastructure outlined in the Atkins report of the

National Science Foundation®’;

The opportunity is here to create cyberinfrastruc-
ture that enables more ubiquitous, comprehensive
knowledge environments that become function-
ally complete for specific research communit-
ies in terms of people, data, information, tools,
and instruments and that include unprecedented
capacity for computational, storage, and commu-
nication . . . . They can serve individuals, teams
and organizations in ways that revolutionize what
they can do, how they do it, and who participates.

Programmatic Direction #4. Population Impact

The North Karelia Project® underscores the value of a
multimodal, problem-based approach to a major public
health issue. In the 1960s, Finnish men had the world’s
highest rate of heart disease mortality. The death rate
was especially high in the province of North Karelia, a
rural area in the eastern part of Finland. In 1972
officials in North Karelia began a community-based
initiative to reduce cardiovascular disease and mortal-
ity. The North Karelia project included: (1) cultural
interventions addressing traditional Finnish dietary
norms to reduce fat intake and to double the consump-
tion of fruits and vegetables; (2) media outreach,
including health-related news features, educational
content, and a national “quit and win” contest; (3) the
training of healthcare providers to provide cardiovas-
cular risk-factor assessment and counseling for all pa-
tients; (4) the engagement of community leaders and
workplaces to spearhead health-promotional activities;
and (5) policy interventions that included public smok-
ing bans, the elimination of tobacco advertising, and
taxes earmarked for tobacco control programs.

A variety of research disciplines, including social
psychology, nutrition science, marketing, education,
primary care medicine, policy, and tobacco control
were brought together to design this multilevel inter-
vention. The results were impressive: By the early 2000s,
the number of deaths of working-age Finnish men from
coronary heart disease had plummeted 75%. In North
Karelia, the effects were even more pronounced (an
82% reduction in deaths), and life expectancy for men
increased 7 years. Much of this reduction in mortality
came from reductions in risk factors like high blood
pressure, high cholesterol, and smoking, because of
nutritional changes and smoking cessation. Today, this
project continues to sustain itself with a modest level of
public resources.

Another problem with tremendous population im-
pact is that of health disparities. If this problem were
widely addressed, enormous benefit could be conferred
on those affected by these inequalities. Transdisci-
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plinary and systems science perspectives may be valu-
able approaches for addressing health disparities and
inequality.”® These approaches permit researchers in
the field to step back and consider the ways that their
science has been framed by historical, disciplinary
perspectives (i.e., a focus on intra-individual, molecu-
lar, genetic “causes” within biomedical frames of refer-
ence versus a focus on the socioeconomic forces and
the levels of socio-environmental context, such as social
position and poverty, as the “causes of the causes”
within ecologic frameworks). For example, a recent
study used county-level geospatial and racial-group
coding to categorize into clusters the population of the
U.S. according to expected longevity; these clusters are
called the “Eight Americas.”®' An incredible gap of 35
years of life expectancy was reported between the
highest and lowest life-expectancy ranks among the
eight clusters. The lowest cluster is grouped among
nations of the world with the lowest life expectancy
(sub-Saharan Africa and Russia) and can be viewed as
excluded from the gains made in average life expect-
ancy in the U.S. during the entire 20th Century. Life
expectancy in the cluster at the high end of the Eight
Americas exceeds that of nations whose life expectancy
is the highest in the world (3 years better than Japan for
females and 4 years better than Iceland for males).

Abrams® suggests a new framework for integrating
historically disparate frames of reference from individ-
ual and population sciences into a new synthesis. This
framework would embrace a model of genes and the
social and physical environments in a complex, nonlin-
ear, reciprocal interaction of risk and protective factors,
over the lifespan and across generations.****% Inter-
disciplinary research and systems science can perhaps
clarify the extent to which gene-environment interac-
tions account for racial and ethnic health disparities
and improve the development of effective interventions
and policies to eliminate those disparities.®®

These brief examples are but a few of an increasing
number of approaches that use a problem-focused,
outcomes-oriented goal to strengthen the science of
dissemination, implementation, and policy research.
The hope is that a deeper understanding of the basic
mechanisms in complex adaptive systems will help to
improve the design of the next generation of interven-
tions and lead to better (i.e., informed by science)
health policies. Such approaches use the tools of basic
and applied interdisciplinary science; systems science;
and problem-focused, outcomes-oriented strategies to
maximize their public health impact.

New Directions at NIH in Support of Interdisciplinary,
Translational, and Systems Sciences

Although OBSSR does not have grant-making author-
ity, it partners with NIH institutes and centers to
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develop research initiatives, alternately playing a lead
or participatory role. Since 2003, OBSSR has led the
development of a number of trans-NIH initiatives un-
der the auspices of the NIH Roadmap. The three
themes of the NIH Roadmap are New Pathways to
Discovery, Research Teams of the Future, and Re-
Engineering the Clinical Research Enterprise.

Interdisciplinary research, one of the components of
the Research Teams of the Future theme, has included
several initiatives specifically targeting the behavioral
and social sciences. The OBSSR-led initiatives Supple-
ments for Methodological Innovations in the Behav-
joral and Social Sciences (RFA RM-04-013)%* and Meet-
ings and Networks for Methodological Development in
Interdisciplinary Research (RFA RM-04-014)%° sup-
ported research on dietary intake, physical activity,
child development, stress—-immune interactions, envi-
ronmental exposures, treatment decision making, pa-
tient quality of life, gene—environment interactions,
pain, and aging. Seven postdoctoral institutional-training
grants were awarded under another NIH Roadmap
initiative, Interdisciplinary Health Research Training:
Behavior, Environment and Biology (RFA RM-05-
010).°® These programs provide formal coursework and
research training in a new interdisciplinary field for
individuals holding advanced degrees in a different
discipline. The Exploratory Centers for Interdiscipli-
nary Research (RFA RM-04-004)°%" program is support-
ing the centers that are investigating cognition, elder
selfneglect, or youth vulnerability to sexually transmit-
ted infections and unintended pregnancies. Another
center focuses on the pathways through which the
environment, genetic, and psychosocial domains jointly
shape child health and well-being. A 2007 initiative,
Facilitating Interdisciplinary Research via Methodolog-
ical and Technological Innovation in the Behavioral
and Social Sciences (RFA RM-07-004),°® supports the
development of new and innovative measures, meth-
ods, and technologies that underlie the interdiscipli-
nary integration of human social science, behavioral
science, or both, with other disciplines across varying
levels of analysis. Links to descriptions of the projects
funded under these and other interdisciplinary NIH
Roadmap initiatives can be found on the NIH Road-
map website (www.nihroadmap.nih.gov/interdisciplinary/
fundedresearch.asp).

Finally, one of the initiatives developed under the
Re-Engineering the Clinical Research Enterprise theme
is the Institutional Clinical and Translational Science
Award (CTSA; RFA RM-08-002).%? CTSAs are coopera-
tive agreements to provide resources and develop
methodologies to overcome blocks at both the discov-
ery (translation between bench and bedside) and im-
plementation (translation between bedside and prac-
tice and community) steps. Translational research has
two components: (1) applying discoveries generated
during research in the laboratory and in preclinical
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studies to the development of trials and other human
studies, and (2) research aimed at enhancing the
adoption of best practices in the community. This
second component of translation, that is, the science of
dissemination and implementation of best practices,
requires strong behavioral and social sciences research.

Framework for the Future: Office of Portfolio
Analysis and Strategic Initiatives (OPASI)

The NIH Roadmap is now administered by the Office
of Portfolio Analysis and Strategic Initiatives”
(OPASI), a new office within the Office of the Director
of NIH. OPASI has several related missions, including
the development of methods to help the agency analyze
and manage its portfolio; the gathering and analysis of
data on the public health burden to help set priorities;
and the evaluation of the outcomes of NIH-funded activ-
ities. A major purpose of OPASI is to provide an incubator
space, in the form of NIH Roadmap initiatives, to accel-
erate critical research efforts that address major, cross-
cutting NIH priorities. The general intent of OPASI is
consistent with the concept of systems science across NIH
and the identification of new opportunities that cut across
disciplines and across different levels (from cells to soci-
ety) as well as the fostering of research that will reduce the
public health burden—all of which is also consistent with
the mission and vision of OBSSR.

Conclusion

The sciences concerned with optimal health, well-
being, and disease management have revealed just how
broad the future world view needs to be. At the end of
the day, the simple, single-cause, single-discipline, and
now, even single-level-of-analysis models—whether pre-
dominantly biomedical or predominantly behavioral or
social-ecologic—are increasingly viewed as necessary
but insufficient. This is especially true for the common,
most preventable, and most expensive chronic diseases
that afflict the vast majority of populations in the
developed nations of the world and that cry out for
research to provide a more timely understanding of
basic mechanisms, better interventions, and more
science-informed health policy. The biomedical, reduc-
tionist world view of the causes of disease and the
behavioral, social-ecologic world view of the “causes of
the causes” of disease are really two sides of the same
coin that must be merged to develop a new synthesis
and a more complete and useful heuristic framework to
guide future research.

Systems science, cyber-infrastructure, and new technol-
ogy may well provide the foundation stones to facilitate
OBSSR’s strategic vision: an integration of next-generation
basic science with its applications to clinical practice,
community dissemination, and health policy; a vertical
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integration from cells to society and a progression from
interdisciplinary science to a deeper set of transdisci-
plinary conceptual syntheses; and an ability to examine
nonlinear causal loops and solutions using backward
engineering of the complex causal pathways, starting
from a defined problem or pressing public health
challenge (like eliminating health disparities; reversing
the epidemics of obesity, sedentary lifestyle, and type 2
diabetes; and further reducing tobacco use and the
incidence HIV/AIDS). In the final analysis, the mission
of basic and applied science at OBSSR and across the
NIH embraces a problem-focused, outcomes-oriented
set of goals to make a timely and cost-efficient impact
on improving the nation’s health and reducing the
absolute burden of disease and disability at the individ-
ual and population levels.

The authors would like to thank Bobby Milstein, PhD, at the
CDC for his inspiration and education on systems science,
which is reflected in this work. They are grateful for his
unwavering support and partnership with OBSSR on systems
science initiatives.

The authors would also like to thank the reviewers of the
manuscript for this paper. While the reviewers are un-
known, the authors believe the reveiwers’ feedback helped
strengthen this paper.

No financial disclosures were reported by the authors of
this paper.

References

1. The Office of Behavioral and Social Sciences Research, NIH. The contri-
butions of behavioral and social sciences research to improving the health
of the nation: a prospectus for the future. 2007. http://obssr.od.nih.gov/
Content/Strategicj’lanning/Strategic+Plan72007/0bssrlndex‘htm.

2. McKinlay JB, Marceau LD. To boldly go . . . . Am ] Public Health 2000;
90:25-33.

3. Rose G. The strategy of preventive medicine. New York: Oxford University
Press, 1992.

4. Stokols D, Hall KL, Taylor BK, Moser RP. The science of team science:
overview of the field and introduction to the supplement. Am | Prev Med
2008;35(2S):S77-S89.

5. Rosenfield PL. The potential of transdisciplinary research for sustaining
and extending linkages between the health and social sciences. Soc Sci Med
1992;35:1343-57.

6. NIH. NIH roadmap for medical research. www.nihroadmap.nih.gov.

7. Thun M], Jemal A. How much of the decrease in cancer death rates in the
U.S is attributable to reductions in tobacco smoking? Tob Control
2006;15:345-7.

8. National Centers for Health Statistics. National Health Interview Survey
(NHIS). Hyattsville MD: CDC, 1965.

9. CDC. Cigarette smoking among adults—U.S., 2006. MMWR Morb Mortal
Wkly Rep 2007;56:1157-61.

10. Warner KE. Effects of the antismoking campaign: an update. Am J Public
Health 1989;79:144-51.

11. Warner KE. Tobacco policy research: insights and contributions to public
health policy. In: Warner KE, ed. Tobacco control policy. San Francisco:
Jossey-Bass, 2006.

12. IOM. Ending the tobacco problem: a blueprint for the nation. Washington
DC: National Academies Press, 2007.

13. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin.
N Engl ] Med 2002;346:393-403.

14. Butler AC, Chapman JE, Forman EM, Beck AT. The empirical status of
cognitive-behavioral therapy: a review of meta-analyses. Clin Psychol Rev
2006;26:17-31.

Am ] Prev Med 2008;35(2S) $223


http://www.obssr.od.nih.gov/Content/Strategic_Planning/Strategic+Plan_2007/ObssrIndex.htm
http://www.obssr.od.nih.gov/Content/Strategic_Planning/Strategic+Plan_2007/ObssrIndex.htm
http://www.nihroadmap.nih.gov

17.
18.

19.

29.

30.

32.
34.

35.

36.

37.

38.

39.

40.

41.

42.

$224 American Journal of Preventive Medicine, Volume 35, Number 2S

. March JS, Silva S, Petrycki S, et al. The treatment for adolescents with

depression study (TADS): long-term effectiveness and safety outcomes.
Arch Gen Psychiatry 2007;64:1132—43. Erratum in: Arch Gen Psychiatry
2008;65:101.

. CDC. Twenty-five years of HIV/AIDS—U.S., 1981-2006. MMWR Morb

Mortal Wkly Rep 2006;55:585-9.

CDC. Evolution of HIV/AIDS prevention programs—U.S., 1981-2006.
MMWR Morb Mortal Wkly Rep 2006;55:597-603.

CDC. Epidemiology of HIV/AIDS—United States, 1981-2005. MMWR
Morb Mortal Wkly Rep 2006;55:589-92.

Haynes RB, Yao X, Degani A, Kripalani S, Garg A, McDonald HP.
Interventions to enhance medication adherence. Cochrane Database Syst
Rev 2005;(4):CD000011.

. Glass TA, McAtee M]. Behavioral science at the crossroads in public health:

extending horizons, envisioning the future. Soc Sci Med 2006;62:1650—-71.

. Sterman J. Learning from evidence in a complex world. Am J Public Health

2006;96:505-14.

. Abrams DB. Applying transdisciplinary research strategies to understand-

ing and eliminating health disparities. Health Educ Behav 2006;33:515-31.

. Anderson NB. Levels of analysis in health science: a framework for

integrating sociobehavioral and biomedical research. In: McCann S, Lipton
JM, eds. Annals of the New York Academy of Sciences. Vol. 840. New York:
New York Academy of Sciences, 1998.

. Kessel F, Rosenfield PL, Anderson NB, eds. Expanding the boundaries of

health and social science. New York: Oxford University Press, 2003.

. Leischow S, Milstein B. Systems thinking and modeling for public health

practice. Am J Public Health 2006;96:403—4.

. Homer JB, Hirsch GB. System dynamics modeling for public health:

background and opportunities. Am ] Public Health 2006;96:452—8.

. Glasgow R, Green L, Klesges L, et al. External validity: we need to do more.

Ann Behav Med 2006;31:105-8.

. Kerner J, Rimer B, Emmons K. Introduction to the special section on

dissemination: dissemination research and research dissemination: how
can we close the gap? Health Psychol 2005;24:443-6.

Bertenthal B. Cyberinfrastructure for the social and behavioral sciences.
Psychological Science Agenda 2005;19:2—4.

Atkins DE, Droegemeier KK, Feldman SI, et al. Revolutionizing science and
engineering through cyberinfrastructure: report of the National Science
Foundation Blue-Ribbon Advisory Panel on Cyberinfrastructure. Washing-
ton DC: National Science Foundation, 2003.

. Bandura A. Social foundations of thought and action: a social-cognitive

theory. Upper Saddle River NJ: Prentice-Hall, 1986.

National Center for Health Statistics. Health, U.S., 2006. With chartbook
on trends in the health of Americans. Hyattsville MD: The Center, 2006.
NIH, The genes, environment and health initiative (GEI). www.gei.nih.
gov/index.asp.

NIH. Genetic association information network (GAIN). www.genome.gov/
19518664.

Committee on Assessing Interactions Among Social, Behavioral, and Ge-
netic Factors in Health. Hernandez LM, Blazer DG, eds. Genes, behavior,
and the social environment: moving beyond the nature/nurture debate.
Washington DC: National Academies Press, 2006. www.nap.edu/ catalog/
11693.html.

Caspi A, Moffitt TE. Gene-environment interactions in psychiatry: joining
forces with neuroscience. Nat Rev Neurosci 2006;7:583-90.

Caspi A, Sugden K, Moffitt TE. Influence of life stress on depression:
moderation by a polymorphism in the 5-HTT gene. Science 2003;301:
386-9.

Meaney M], Szyf M. Environmental programming of stress responses
through DNA methylation: life at the interface between a dynamic envi-
ronment and a fixed genome. Dialogues Clin Neurosci 2005;7:103-23.
Szyf M, Weaver IC, Champagne FA, Diorio ], Meaney M]. Maternal
programming of steroid receptor expression and phenotype through DNA
methylation in the rat. Front Neuroendocrinol 2005;26(3—4):139-62.
NIH. NIH roadmap for medical research: epigenomics: an overview.
nihroadmap.nih.gov/epigenomics.

Antoni MH, Lutgendorf SK, Cole SW, et al. The influence of bio-
behavioural factors on tumour biology: pathways and mechanisms. Nature
2006;6:240-8.

Lillberg K, Verkasalo PK, Kaprio J, Teppo L, Helenius H, Koskenvuo M.
Stressful life events and risk of breast cancer in 10,808 women: a cohort
study. Am J Epidemiol 2003;157:415-23.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

. Reiche EM, Nunes SO, Morimoto HK. Stress, depression, the immune

system, and cancer. Lancet Oncology 2004;5:617-25.

. Spiegel D, Giese-Davis J. Depression and cancer: mechanisms and disease

progression. Biol Psychiatry 2003;54:269—-82.

. Thaker PH, Han LY, Kamat AA, et al. Chronic stress promotes tumor

growth and angiogenesis in a mouse model of ovarian carcinoma. Nature
Medicine 2006;12:939-44.

Lutgendorf SK, Cole S, Costanzo E, et al. Stress-related mediators stimulate
vascular endothelial growth factor secretion by two ovarian cancer cell
lines. Clin Cancer Res 2003;9:4514-21.

NIH. Office of Behavioral and Social Sciences Research. 2007 symposia
series on systems science and health. obssr.od.nih.gov/Content/Lectures+
and+Seminars/Systems_Symposia_Series/SEMINARS.htm.

Cohen DA, Scribner RA, Farley TA. A structural model of health behavior:
a pragmatic approach to explain and influence health behaviors at the
population level. Prev Med 2000;30:146-54.

McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on
health promotion programs. Health Educ Q 1988;15:351-77.

Stokols D. Establishing and maintaining healthy environments. Toward a
social ecology of health promotion. Am Psychol 1992;47:6-22.

Green LW, Richard L, Potvin L. Ecological foundations of health promo-
tion. Am J Health Promot 1996;10:270—-81.

Gibbons MC. A historical overview of health disparities and the potential of
eHealth solutions. ] Med Internet Res 2005;7:e50.

Krygiel AJ. Behind the wizard’s curtain: an integration environment for a
system of systems. Washington DC: National Defense University Press, 1999.
Senge PM. The fifth discipline: the art and practice of the learning
organization. New York: Doubleday Dell Publishing Group, Inc., 1994.

. Weston AD, Hood L. Systems biology, proteomics, and the future of health

care: toward predictive, preventative, and personalized medicine. ] Pro-
teome Res 2004;3:179-96.

Grimm V, Revilla E, Berger U, et al. Pattern-oriented modeling of agent-
based complex systems: lessons from ecology. Science 2005;310:987-91.
Trochim WM, Cabrera DA, Milstein B, Gallagher RS, Leischow SJ. Practical
challenges of systems thinking and modeling in public health. Am J Public
Health 2006;96:538-46.

Jones AP, Homer ]JB, Murphy DL, Essien JD, Milstein B, Seville DA.
Understanding diabetes population dynamics through simulation model-
ing and experimentation. Am J Public Health 2006;96:488-94.

Levy DT, Ross H, Powell L, Bauer JE, Lee HR. The role of public policies
in reducing smoking prevalence and deaths caused by smoking in Arizona:
results from the Arizona tobacco policy simulation model. Public Health
Manag Pract 2007;13:59-67.

Puska P. The North Karelia Project: 20 year results and experiences.
Helsinki: National Public Health Institute, 1995.

Murray CJL, Kulkarni SC, Michaud C, et al. Eight Americas: investigating
mortality disparities across races, counties, and race-counties in the U.S.
PLoS Med 2006;3:€260. doi:10.1371/journal.pmed.0030260.

Krieger N, Chen JT, Waterman PD, Rehkopf DH, Subramanian SV.
Painting a truer picture of U.S. socioeconomic and racial/ethnic health
inequalities: the Public Health Disparities Geocoding Project. Am ] Public
Health 2005;95:312-23.

Anderson NB, Nickerson K]. Genes, race, and psychology in the genome
era: an introduction. Am Psychol 2005;60:5-8.

NIH. Supplements for methodological innovations in the behavioral and
social sciences (RFA RM-04-013). grants.nih.gov/grants/guide/rfa-files/
RFA-RM-04-013.html.

NIH. Meetings and networks for methodological development in interdis-
ciplinary research (RFA RM-04-014). grants.nih.gov/grants/guide/rfa-
files/RFA-RM-04-014.html.

NIH. Interdisciplinary health research training: behavior, environment and
biology (RFA RM-05-010). grants.nih.gov/grants/guide/rfa-files/RFA-
RM-05-010.html.

NIH. Exploratory centers for interdisciplinary research (RFA RM-04-004).
grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-004.html.

NIH. Facilitating interdisciplinary research via methodological and tech-
nological innovation in the behavioral and social sciences (RFA RM-07-
004). grants.nih.gov/grants/guide/rfa-files/RFA-RM-07-004.html.

NIH. Institutional Clinical and Translational Science Award (CTSA; RFA
RM-08-002). grants.nih.gov/grants/guide/rfa-files/RFA-RM-08-002.html.
Office of Portfolio Analysis and Strategic Initiatives. 2007. http://opasi.
nih.gov.

www.ajpm-online.net


http://www.gei.nih.gov/index.asp
http://www.gei.nih.gov/index.asp
http://www.genome.gov/19518664
http://www.genome.gov/19518664
http://www.nap.edu/catalog/11693.html
http://www.nap.edu/catalog/11693.html
http://nihroadmap.nih.gov/epigenomics
http://obssr.od.nih.gov/Content/Lectures+and+Seminars/Systems_Symposia_Series/SEMINARS.htm
http://obssr.od.nih.gov/Content/Lectures+and+Seminars/Systems_Symposia_Series/SEMINARS.htm
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-013.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-013.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-014.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-014.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-05-010.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-05-010.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-04-004.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-07-004.html
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-08-002.html
http://opasi.nih.gov
http://opasi.nih.gov

Toward Transdisciplinary Research

Historical and Contemporary Perspectives

Frank Kessel, PhD, Patricia L. Rosenfield, PhD

Abstract:

Over the past two decades a variety of national and international efforts has sought to bring

together health and social scientists to address complex health issues. This paper reviews
how the notion of transdisciplinary research has emerged; discusses research programs that
have successfully traversed discipline boundaries in sustained fashion; considers facilitating
and constraining factors that have emerged from the analyses of this process; and suggests
next steps for conceptualizing, organizing, and assessing transdisciplinary research based

on the notion of heterarchy.

(Am J Prev Med 2008;35(2S):5225-S234) © 2008 American Journal of Preventive Medicine

Introduction

ontemporary health and social scientists increas-

ingly endorse research that crosses disciplinary

lines. Health scientists often refer to social con-
ditions in their research on disease-specific and system-
related problems. Similarly, social scientists working on
topics related to health at least give a nod toward
epidemiology. Yet 50 years after the publication of
Paul’s path-breaking book' that pointed to the gener-
ative results of social scientists reaching out to address
health problems, research that consistently and cre-
atively crosses disciplinary, departmental, and faculty
lines remains relatively difficult to initiate, fund, pub-
lish, and sustain.

In this paper we offer, first, a contribution to under-
standing the programmatic and scientific context in
which the concept of transdisciplinary research linking
the health and social sciences emerged as an attempt to
move beyond conceptual and institutional inertia. The
focus is on Rosenfield’s 1992 paper® because it has
served as an entry point for much of the current
discussion of health research across disciplinary bound-
aries. We then consider ideas resulting from contem-
porary research programs that, consistent with that
initial analysis, have successfully traversed discipline
boundaries in sustained fashion and, in some instances,
achieved levels of integrative creative collaboration.
These considerations suggest the persistence of factors
that constrain boundary-crossing inquiry but also find-
ings that point to the rich promise of such integrative
inquiry. Finally, we suggest possible next steps that may
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serve as a catalyst for promoting and guiding the
conduct of transdisciplinary research.

The Concept of Transdisciplinarity:
Parallel Developments
World Health Organization

In the late 1970s, Patricia Rosenfield joined the WHO
as the economist for the Tropical Disease Research
(TDR) program and responsible for its Social and
Economic Research (SER) Steering Committee. Even
with supportive TDR leadership, she found a situation
similar to what George Foster,” a pioneer in medical
anthropology, later described as a challenge at WHO
since its founding. The early (1947) commitment of
those “far-sighted medical doctors and international
health workers [who] began to realize that the effective
delivery of health care, especially in cross-cultural set-
tings, involved sociocultural as well as purely medical
factors,” was not being fully honored. For example, the
medical staff would usually ask social scientists to pro-
vide manuals and develop questionnaires but not to
identify the social and behavioral factors that might
inform a deeper understanding of communities’ health
conditions. Foster also observed that the review process
for research support at WHO entailed primarily medi-
cal doctors evaluating social science proposals. As a
result, social scientists were only rarely full-fledged
members of the health team.

The SER committee, however, had several advan-
tages that enabled it to overcome the constraints noted
by Foster. First, the TDR program was funded as an
extra-budgetary program; several donors (notably from
Scandinavian countries and the World Bank) insisted
that social and economic factors be studied along with
biomedical factors in the analysis of disease transmis-
sion and control. Also, the SER steering committee was
composed primarily of social scientists charged with the
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responsibility of reviewing and funding proposals sub-
mitted by teams of social and health scientists, ensuring
knowledge of and respect for the social science aspects
of proposals. Further, the committee was part of a
larger biomedical program with equal standing to all
the other committees (e.g., epidemiology, biomedical
sciences, and several disease-specific groups). This
structure constituted a considerable organizational ad-
vantage, providing access to WHO disease-control spe-
cialists and the health policy aspects of projects. It also
facilitated collaboration with health ministries, national
disease-control programs, public health institutes, and
medical schools, as well as social science programs and
other ministries.

In its early stages, the committee still faced some of
the constraints noted by Foster,® notably problems of
credibility and legitimacy within WHO.? Staff malari-
ologists, for example, were convinced that they under-
stood communities better than social scientists because
they were in the field spraying mosquitoes after obtain-
ing local permission. Other disease and vector-control
specialists felt that adding social scientists to the team
would waste time and money. Nevertheless, social sci-
entists in developing countries were willing to engage
in research with their counterparts in the health sci-
ences and health ministries. Together they developed
and implemented projects that won over many of the
skeptics inside WHO, in ministries, and academic
social science departments. As a result, interdiscipli-
nary teams tackled such topics as knowledge of disease
transmission, attitudes toward disease-control programs,
and new methods focused, for example, on household
instead of individual units of analysis. These teams
produced results that helped communities and inter-
vention programs reshape their approaches to disease
control.”

Notwithstanding the success of this process, Rosen-
field became concerned that cross-disciplinary work was
becoming a fad within WHO, rather than a theoreti-
cally and methodologically sound approach for re-
search leading to changes in the delivery of health care
and disease control. In particular, terms such as mult:-
disciplinary were often used without sustained attention
to the fundamental question: How can collaboration
across disciplines lead to new ways of framing, understanding,
and addressing human health issues? Her concern was that
superficial use, or even misuse, of such terms would
lead to recommendations for changes in the design and
delivery of health programs that could waste resources,
dash raised expectations, and even eliminate the op-
portunity for effective partnerships between heath and
social scientists.

Given this concern, Rosenfield decided to examine
the meaning of multidisciplinary and interdisciplinary
research as expressed by her health and biomedical
counterparts. Reviewing projects supported by TDR, as
well as programs outside of WHO such as the Applied
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Diarrheal Disease Research Program,® she concluded
that the problems Foster’ had identified persisted in
the 1990s, and not just at WHO. What was called
multidisciplinary or even interdisciplinary research in-
volved primarily separate input of different disciplines,
but not creative ways to blend those to yield deeper
understanding of the problem or integrative solutions
that would be both more acceptable to the population
at risk and more cost-effective in the long run. This
recognition—that terminology was fuzzy, leading to
unmet expectations and limited usefulness of results
that did not match some of the associated claims®—is
what prompted her 1992 paper.*” And as clearly con-
veyed by other papers in this supplement to the Ameri-
can Journal of Preventive Medicine, this analysis—both
linguistic and conceptual—has helped stimulate a body
of work aimed at further clarifying the distinctions
between different forms of cross-disciplinary research
and underlining the value-added contributions of using
a transdisciplinary framework for both the analysis and
solution of health problems.

Europe and the U.S.

Paradigmatic change was taking place elsewhere, both
prior to and in parallel with the efforts at WHO. As early
as 1970, writing about different forms of knowledge,
Judge and Clark® had used the term trans-disciplinary.
Through the 1970s and 1980s, several scholars in
Europe and some in the U.S.—primarily from the areas
of ecology, computers, and complexity analysis—began
to consider the meaning and use of the concept of
transdisciplinarity.”>®

Then, in the early 1990s, with an increasing recogni-
tion of complexity associated with globalization, the
social science community in Europe began to consider
the concept of transdisciplinarity.7’8 In 1994 the First
World Congress of Transdisciplinarity was held in Por-
tugal and a charter of transdisciplinarity endorsed by
the participants. Article 14 of the Charter, inter alia, is
relevant for current discussions in the health field:

Rigor, openness, and tolerance are the fundamental
characteristics of the transdisciplinary attitude
and vision. Rigorin argument, taking into account
all existing data, is the best defense against possi-
ble distortions. Openness involves an acceptance of
the unknown, the unexpected and the unforesee-

“On the persistent issue of fuzzy terminology, see our closing para-
graph below and reference 4.

"It is encouraging to note that the SER work thrives in 2007 as an
active part of the TDR Programme, funding research and training
projects in the developing world. Moreover, at a recent TDR meeting,
the Ghanaian Minister of Health, Major Courage Quashigah, noted
the following: “There’s nothing more powerful than an idea whose
time has come . .. Although this meeting is focusing on health, the
outcome is about how effectively we formulate policies that can help
reduce the disease burden in developing countries. To do this, health
research must increasingly have a social and ethno-cultural outlook.”
TDR NEWS, Special issue from Africa, October 2006, p. 4.
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able. Tolerance implies acknowledging the right to
ideas and truths opposed to our own.”

Since then, as Klein—a leading analyst of transdis-
ciplinary research approaches—elucidates, the domain
has burgeoned, as signaled by annual prizes to recog-
nize excellence in transdisciplinary research, the estab-
lishment of an Institute in Switzerland, a journal, and
an increasingly active presence on the web.'’™* More-
over, the Strategic Plan of the European Science Foun-
dation for the period 2006-2010 mentions not only
multidisciplinary and interdisciplinary research, but
also refers to transdisciplinary work in the Humanities
section, highlighting health and disease as a major
theme."?

Finally, in 2006 Stokols extended the examination of
transdisciplinary approaches to a level that includes
attempted links between research and broader ac-
tion."* Pooling multiple approaches from research and
action in his comprehensive review, Stokols outlined
“programmatic directions for the scientific study of
transdisciplinary research and community action . . . to
identify strategies for refining and sustaining future
collaborations (and their intended outcomes) among
researchers, community members and organizations.”"*
Along with his other writings, Stokols’ work clearly com-
plements the analysis provided here and elsewhere.'*

Extending the Concept: lllustrative Cases
Developing Countries

As a further notable development in the 1990s, the
concept of transdisciplinary research across the health
and social sciences was taking hold in the developing
world. Spurred primarily by the innovative work at the
University of Newcastle (Australia) under the leader-
ship of Albrecht and Higginbotham, social and health
scientists began to produce conceptual analyses and
empirical findings in the area of transdisciplinary
health research.'®™® Higginbotham et al.' also took
up the challenge to institutionalize the concepts under-
pinning transdisciplinarity and developed the first cur-
riculum based on this approach, a curriculum still in
use at Newcastle for programs in ecosystem health.

“Recent initiatives reviewed in the Kessel and Rosenfield preface'®
include programs of the Canadian Institutes for Health Research that
are strikingly consistent with Stokols’ focus on community-oriented,
action research.

It should be noted that some of the Higginbotham et al.'? initiatives
were supported by Rosenfield after she joined Carnegie Corporation
in 1987, with the encouragement of David Hamburg (then the
Corporation President). But other foundations and agencies joined
the effort, notably the Ford Foundation, the Rockefeller Foundation
and the Canadian-based International Development and Research
Center. Probably because electronic networking was not well devel-
oped, this collaboration took place separately from European efforts,
as well as from NCI’s leadership initiatives in the area of transdisci-
plinary research on tobacco.

August 2008

In 2002 Higginbotham® and his colleagues pub-
lished a book containing interdisciplinary case studies
undertaken in 1990s. Each of the sections reviews the
state of knowledge and action in a different region—
Asia and the Pacific, Africa, and Latin America. Given
the importance, if not uniqueness, of these analyses of
health and social science collaboration throughout the
developing world, they warrant in-depth study. Here,
the emphasis is on only a few central points.

Social scientist Ramos-Jimenez®' notes the wide
range of health conditions in the Asia-Pacific region
and the substantial number of scientists, nearly 1000,
involved in health social science research. Nevertheless,
she also underlines the challenges in crossing “rigid
disciplinary boundaries,” including the need for better
training, material and demonstrations of the actual
application of interdisciplinary and transdisciplinary
research approaches. She points to effective cases of
interdisciplinary research on chronic diseases, such as
heart disease, and use of services that are helping to
increase understanding and support for interdiscipli-
nary research.

In Africa, sociologist Erinosho® notes the commit-
ment of social scientists to work on health issues, but
also observes that “a gulf between social and biomedical
scientists remains because African biomedical scientists
only grudgingly accommodate social scientists working
within medical school[s] ...”?? Yet in some domains,
such as work on traditional medicine and HIV/AIDS,
there has been increasing collaboration around the
issues of culture-bound programs and the use of eth-
nographic research. However, despite this critical mass
of committed individuals in both regions (Africa and
Asia—Pacific), familiar challenges abound, most notably
in building and sustaining a sense of partnership across
the disciplines and with practitioners and health service
decision-makers.

In contrast, sociologist Briceno-Leon®* observes that
in Latin America there has been “. . . long felt appreci-
ation of social issues shown by a number of the region’s
physicians and public health specialists . . . Many stressed
in their writings and actions the importance of society,
the environment and people’s ways of living toward
understanding health.”*® Recently, increased opportu-
nities for collaboration of medical and social scientists
have emerged at the community and policy level,
especially around disease-specific concerns, so that “po-
tential areas of work and encounter [across fields] have
multiplied. The relationship between the social sciences
and health is very diverse but also characterized by enor-
mous theoretical wealth and reflection.”*

Only one case study in the Higginbotham volume
explicitly uses a transdisciplinary research framework.
Applying the framework to assess the rational use of
drugs programs in Indonesia, Hadiyono,** a clinical
psychologist, describes the challenge of health and
social scientists working together as equal partners.

Am | Prev Med 2008;35(2S) §227



Based on observations as her team moved through
stages from multidisciplinary and interdisciplinary to
transdisciplinary collaboration, this analysis of the pro-
cess yields lessons for those committed to achieving a
transdisciplinary research program—namely, the im-
portance of team members’:

= willingness to commit sufficient time to such collab-
orative endeavors,

= openness to learning each other’s disciplinary lan-
guages and jargon,

= capacity to build mutual confidence and trust, in-
cluding with community members and practitio-
ners, and

= overcoming the challenge of working as equals, with
no knowledge or discipline or practice assuming
priority.

Consistent with Stokols’ writing cited above, Hadiyono
concludes by noting that these studies also brought
practitioners and community members together as
active participants in the process.

Reviewing their illuminating case studies, Johnson
and colleagues® underline challenges and opportuni-
ties encountered by social and health scientists who
seek to cross discipline boundaries, suggesting that
such factors are at work in both developed and devel-
oping countries. These include:

= the difficulties of defining roles for team members—
scientists and researchers, community members and
health services personnel—to enable complemen-
tary learning and blending expertise and skills at
different stages of the research and application
process;

= the need to avoid defining the problem either in a
narrow, reductive way or so broadly that it becomes
practically uninterpretable; and

= the need to overcome discipline rigidity and hyper-
specialization as barriers to theoretical and method-
ologic innovation.

Finally, Johnson and colleagues® conclude that,
despite such challenges, the promise of transdisci-
plinary research flows from the recognition that “health
social science becomes most effective when the group
engaged with the problem adopts transdisciplinary
thinking. That is, they transcend disciplinary bounds to
synthesize knowledge about the problem in the quest to
understand it fully as a complex dynamic system.”

The U.S. and the United Kingdom

The National Cancer Institute (NCI)’s 2006 Confer-
ence on the Science of Team Science that stimulated
this article was a turning point in building understand-
ing and acceptance of the need for transdisciplinary
research in health. It is not a coincidence that NCI
provided sponsorship. There is ample evidence that
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NIH support for scientific innovations has been indis-
pensable in promoting and sustaining research collab-
oration across the health and social sciences.

As only one example, the volume edited by Frank
Kessel et al.*® was supported by the NIH Office of
Behavioral and Social Science Research (OBSSR); and
several of its case studies illustrated creativity in NIH
funding mechanisms, notably at the National Institute
of Aging (NIA). NIH was not the only important institu-
tional catalyst, however. Around 1980 the MacArthur
Foundation began supporting research networks aimed
at establishing connections across disparate research
areas, disciplines and universities. And several uni-
versities, such as Duke, Wisconsin, and the University
of California at San Francisco (UCSF) were early lead-
ers in encouraging interdisciplinary or transdisciplinary
initiatives (although not explicitly under such rubrics).

In the 5 years since the Kessel et al.*® collection of
case studies was published, the boundary-crossing trend
has not only continued, but also become stronger. The
revised edition®” documents, most significantly, that
each of the research teams has been able to stay
together and even expand around the core of their
research efforts, despite occasional changes in leader-
ship and membership.

One reason for such continuity is sustained funding
from foundations and government (in the U.S. and
UK), as well as from researchers’ home universities. A
complementary explanation could be that sustained
funding comes about because of the intellectual depth
the teams are bringing to understanding problems,
along with the significance of their findings and solu-
tions in the field. In other words, like the transdisci-
plinary tobacco-oriented work funded by NCI, such
research programs have at least the potential to make a
positive difference in academia, health programs, and
households.

Two noteworthy examples of this trend are the case
studies prepared by Olshansky and Carnes,”® and Ryff
and Singer.” Olshansky and Carnes note that “in the
demographic and population sciences, NIH promoted
the development of interdisciplinary science by solicit-
ing planning centers through the P20 mechanism
(research program project grants) as a way to encour-
age research consortia to develop new interdisciplinary
approaches to solving complex important biomedical
research problems.”® Their own area of biodemogra-
phy has benefited from this support. Olshansky and
Carnes also predict that, as a result of NIH acceptance
of multiple investigators, there will be fewer “penalties
imposed by promotion and tenure committees on
individuals who participate in collaborative activities.”
Their conclusion: “It is change at NIH that ultimately
drives the perceptions and generates a support for
interdisciplinary collaboration at universities and de-
partments, not the other way around.”*®
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Similarly, in their chapter Postcript, Ryff and
Singer® observe that obstacles to conducting cross-
boundary work, especially those relating to funding and
peer-review publications, appear to be weakening. As
an important example, NIA has awarded their team a
sizable grant to study the biological, psychological and
social pathways to positive and not-so-positive health.
This will entail a follow-up of their earlier MIDUS
(Midlife in the U.S.) work, originally with support from
the MacArthur Foundation. They note that “the initial
study . . . has become a major forum for publishing
‘integrative studies’ that cross disciplinary lines in an
effort to understand age-related variation in health and
well-being.”® The new NIA P01 program support has
enabled the addition of a longitudinal survey as well as
biomarkers. Concerned about therapy and applications
of their findings, Ryff and Singer are also seeking to
partner with researchers engaged in interventions, a
key prerequisite for ultimately reaching practitioners.

These examples illustrate how the enhanced quality
of research conducted by cross-disciplinary teams has
resulted in positive decisions by funding agencies,
notably NIH. Such increased support, as noted above,
increases the likelihood that universities will respond to
the incentives of resources and prestige, for example,
by recognizing the value of such research through
promotion and tenure decisions that celebrate rather
than penalize collaboration and resulting, multiple-
authored publications.

Complementing these cases, two chapters in the
Kessel et al. volume reflect the experiences of a large
multi-member team based in one center and reaching
out to many others: Marmot® in the studies of aging
and the social gradient in the UK, and Chesney and
Coates®! in their research on HIV/AIDS in San Fran-
cisco (and elsewhere).

Marmot’s case® involves an extensive study of aging
that is “both multidisciplinary and interdisciplinary . . . [It
has] major content in economic, health—clinical, bio-
logical and health care and its determinants, social
participation and cognitive psychology”® and involves
scientists from several relevant disciplines. (Marmot
himself is an epidemiologist.) The multidisciplinary
aspect of the initial study entailed “each discipline
working on its own area.” But now Marmot reports
“a flourishing interdisciplinary environment. For
example . . . there’s the usual debate as to whether
health leads to socioeconomic position or socioeco-
nomic circumstances lead to health. Collaboration be-
tween biological sciences and economists show that
both are true.”?*¢

“Collaboration between epidemiologists and economists has yielded a
comparison of the social gradient in health in English and American
white men and women. Since one finding is that the Americans are
less healthy than the British, Marmot’s research has stimulated much
media attention.*??*
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Marmot reports that recognition of the significance
of such findings and the interdisciplinary research
process have enabled the center to become formalized
as an Institute where members draw on other depart-
ments and disciplines in the UK and collaborate with
biomedical and social scientists in Latin America, Af-
rica, and Asia. Building on their policy work within the
UK, Marmot’s team has moved into the global health
policy realm through involvement with WHO. Specifi-
cally, the Institute serves as host of the Commission on
Social Determinants of Health: “The Commissioners,
from every region of the world, have expertise in a
number of areas apart from health. A major aim . . . is
to convince governments and others that planning for
health has to involve sectors other than ‘health’; and to
convince other sectors that [their] policies. .. have
vital importance for health.”*

Updating their chapter on HIV/AIDS prevention,
Chesney and Coates®' describe the changes in the
Center for AIDS Prevention Studies (CAPS) since its
founding in 1986." They identify the organizational
features that have kept the Center functioning
productively:

Scientific innovation depends on structure, process
and people. The center grant provides the struc-
ture to stimulate new ideas and organize research
projects into coherent programs addressing the
full range of HIV/AIDS prevention policy issues.
The Center has developed a process that encour-
ages concepts to be developed into innovative
research projects...and allows us to bring to-
gether the people. .. The Center is a place for
sustenance of scholars devoting their careers to
this effort and for the training of new scholars,
domestically and internationally, so that the field
can respond to future challenges.”!

The Center for AIDS Prevention Studies now encom-
passes research across the spectrum of HIV/AIDS-
related concerns, for example, oral acquisition of the
virus by infants, medication adherence, and household
coping mechanisms; HIV-prevention research in mi-
nority communities, involving scientists from universi-
ties in the U.S. and Puerto Rico; and policy and ethics.
It also has strengthened ties to biomedical and clinical
investigators at UCSF and to researchers in Africa, Asia,
and Latin America. In addition, CAPS had received
funding for training in prevention, dissemination of
results, and translation of research into practice. Im-
portantly in this context, Chesney and Coates®! note
approvingly the importance of the flexible mechanisms
that NIH has now established with regard to the P30
mechanism.

fAs the current director of CAPS, Stephen Morin contributed to the
chapter Postscript.
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Table 1. Factors facilitating and constraining transdisciplinary team science*

Factor

Facilitating

Constraining

Focus on major problems

Team members (PI et al.)

Training

Institutions

PIs able to bring researchers together across
disciplines and program-unifying themes

Possess complementary and intersecting skills
Able to develop common language

Positive open attitude

Appreciative of others” knowledge

Shared understanding of scientific problem
Mutual trust and respect

Open to mentoring others

Complementary training

Mentored as grad students to participate in
transdisciplinary research team

SERCA grants for training in new field

Support, promote, and fund centers,
networks, and teams across disciplines,

Some areas seen as unrealistic
Lack of integrative research framework
Few “how-to” models

See skills as competitive

Tension between solo and collaborative
work

Power—prestige differences social and
medical sciences

Worry about diffusion of focus and loss of
identity

Research seen as time-consuming/multiple
projects

Disincentive for practitioners

Sharing credit affects promotion, tenure,
publications, funding

Historical barriers across fields
Location of departments
Funding limited

Rigid university policies
Centers lacking funds

departments, and medical and social
science faculties on same campus

Technology

Facilitate communication even when teams

and researchers physically dispersed

Funding

NIH)
Publication

Foundations and government support
network/team approach (e.g., MacArthur,

Grant applications more challenging, time-
consuming

Journals discourage multiple authors
Peer review hard to judge
Need to frame more narrowly

PI, principal investigator; SERCA, Special Emphasis Research Career Award

In our view, the potential for CAPS to become truly
transdisciplinary is embedded in all of its projects and
successes, even though Chesney and Coates® write of
themselves as doing “multidisciplinary research.” More
generally, in a manner similar to tobacco research, the
fields of both HIV/AIDS and aging research appear to
be promising foci for transdisciplinary attention. Be-
cause of their productivity and success, both domesti-
cally and internationally, Marmot’s Institute and CAPS
serve as prototypes that should promote new integrative
thinking in these fields.

Issues and Implications from Review of Cases

Drawing on all the case studies in the Rosenfield and
Kessel volume, we previously analyzed the factors and
circumstances that facilitate and constrain innovation
at the boundaries of the health and social sciences.*®
Reflecting on the primary theme of the NCI confer-
ence, viz., the evaluation of team science, we have
revisited that analysis and sketched those factors that

¢In the course of that commentary, distinctions among multidisci-
plinary, interdisciplinary, and transdisciplinary research were
presented.
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appear most salient for transdisciplinary team science
in Table 1.

Several of the factors listed in Table 1 also emerged
as central themes at the NCI conference. For example,
the focus on a complex problem provides the unifying
fulcrum for any successful team."” Given such a problem
focus, team members can understand where their tal-
ents can be used and recognize the value of other
competencies and perspectives. Further, to achieve
such shared understanding, there is a need to establish
a common, or at least mutually understood, language.
We therefore suggest that along with establishing re-
spect for the contributions of others, perhaps the first
step toward building a transdisciplinary team is to
develop a common understanding of the dimensions of
an energizing problem, whether tobacco-related ill-
nesses, HIV/AIDS, or cardiovascular diseases.

"“What might be called the-problematic-of-the-problem warrants
further analysis since, in scientific practice, what constitutes ‘the
problem’ is often the function or expression of a particular theoret-
ical or disciplinary paradigm. How then do potential collaborators
from different disciplines work their way toward a definition of ‘the
problem’ that unites rather than divides them?”*
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Two crucial elements for achieving such understand-
ing relate closely to the training of team members and
the institutional base for the project or program. Re-
searchers who, as graduate students, medical students,
or post-doctoral students, acquire understanding about
the potential for transdisciplinary research will learn
how to respect the value and values of others and to
worry less about submerging their professional iden-
tity in the team process. And to provide a broad
foundation for such a process, the institutional infra-
structure of scientific research—universities, jour-
nals, and funders—all need to be aligned in support of
transdisciplinary team science. Moreover, issues such as
promotion, tenure, barriers between departments and
faculties, authorship, peer review and grant applica-
tions can either support team science or constitute
limiting factors. Such findings are reinforced by the
2005 National Academies report,‘%4 where the table of
facilitating factors maps on to Table 1 here and to
Rosenfield and Kessel’s earlier analyses.*

In their overview of the NCI conference papers,
Stokols et al. elaborate on these and other concerns,
including the importance of evaluating the distinctive
nature of the results of transdisciplinary team science
where “the scientific, educational and translational
aims of TS [team science] are highly diverse.””” They
also refer to the antecedents for successful collabora-
tion, including team members’ readiness. Nash,>® in
particular, provides important specificity on the neces-
sary reorientation of training programs and supportive
institutional settings, including ways to promote trust,
shared competencies, and intellectual risk-taking.

Concern about sustained funding was a consistent
theme at the 2006 NCI conference, as was the recogni-
tion that NIH support has made possible the innovative
transdisciplinary team science reported there. More-
over, such endorsement remains vital for garnering
financial and intellectual support from foundations
and universities. With this in mind, it is worth highlight-
ing several NIH funding mechanisms that have been
noteworthy in facilitating sustained transdisciplinary
innovation:

= The NIH Road Map prompts support across individ-
uals and centers;

= P20 Mechanism for research consortia;

= RO3 for graduate training;

= NIA support for inter-university teams, randomized
control trials, and longitudinal studies; and

= overall NIH recognition and acceptance of multiple,
team-based investigators drawn from the full range
of medical, health, and social sciences.

What’s Missing, What’s Needed, What’s Next?

Given these conclusions regarding increased recogni-
tion of the value of transdisciplinary science and its
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sustained funding, what’s next? One issue raised by
several contributors to the NCI conference is the
challenge of forging a range of models and methods for
team science.*® More broadly, what ideas might help
shape emerging and evolving team explorations of
health across diverse disciplinary boundaries in the
direction of authentic transdisciplinarity? Comple-
menting the NCI conference papers, Higginbotham
etal.”” pointed to the salience of complexity theory and
network theory, and the use of cyber-infrastructure.
Similarly, the recent European Science Foundation
Strategic Plan calls team science “synergy science” and
encourages further exploration of the research process
along with ways to reshape discipline structures.’

The multiplicity of disciplines, departments, institu-
tions, investigators and sites implied by these views and
inherent in the organization of transdisciplinary re-
search as team science has led us to consider what kind
of conceptual framework might help shape and sustain
the evolving exploration of health across all these
boundaries. Echoing Foster’s decades-old concern,”
the issue is whether, absent explicit efforts to establish
certain characteristics of transdisciplinary team science
and even with the best of innovative intentions, a
familiar regressive pattern might emerge; that is, where
researchers engage in projects involving multiple disci-
plines that are hierarchically structured. Is there an
alternative to such hierarchical structuring?

In the original commentary on case studies of suc-
cessful interdisciplinary collaboration, inspired by Ca-
cioppo’s writings and his research with Berntson,37 we
suggested that the concept of heterarchy provides an
insightful frame for addressing “human and social
problems that are patently complex, multidimensional,
and interactive (over time and space).”4 First intro-
duced in 1945 by McCulloch, one of the pioneers in
cognitive science,” the concept has been used by
paleoanthropologists as they reconsidered the organi-
zation of human relations in early human society.
Notable among them, Crumley® defined heterarchy as
the “relation of elements to one another when they are
unranked or when they possess the potential for being
ranked in a number of different ways.”* (See also von
Goldammer et al.**)

Several years later the notion of heterarchy is being
explored in an increasing variety of areas." Most rele-
vant here, Crumley*® presents heterarchy as a “robust
social theory” because it explicates conditions for selec-
tion of an analytical framework that can address the
following kinds of questions:

"These range from domains close to McCulloch’s original scientific
interests*! to areas further afield such as evolution,*? ecology,‘“” and
socio-political development,** and yet others that circle back to his
passion for philosophy®® and even poetry.*® The single best sign of
McCulloch’s intellectual reach comes via the description of his
collected papers at the American Philosophical Society.*’
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= How adequate is a model in relating the micro
(individual) level to the macro (social) level?

= How adequate is a model in relating the conscious
agency of social actors to the social structure in
which they operate?

= Can a model provide an explanation for discontin-
uous and foundational changes in the system as a
whole?

Such analyses have convinced us that viewing various
facets of the scientific landscape through a heterarchi-
cal lens has significant power. In one direction, there
are implications for how trans-boundary science is
organized and institutionalized, with emphasis on “a
network of elements [in this context, disciplines] shar-
ing common goals in which each element shares the
same ‘horizontal’ position of power and authority,
each having an equal vote . .. Socially, a heterarchy
distributes privilege and decision-making among
participants . . . In an organizational context, [heterar-
chy’s] beauty is the way in which it permits the legiti-
mate valuation of multiple skills, types of knowledge or
working styles without privileging one over the other.”
In another, complementary direction, the research of
Berntson and Cacioppo,®” Ryff and Singer,? and oth-
ers demonstrates that understanding the rich complex-
ities of human life (e.g., health processes and out-
comes) is most likely to emerge via work that embraces,
in theory and research practice, integrative levels of
analysis. Berntson and Cacioppo’s principles of “multi-
ple, non-additive, and reciprocal determinism” are im-
portant corollaries of integrative analysis.®”

How, then, to conceive of the link between heter-
archy and transdisciplinarity? Our propaedeutic
proposition—If transdisciplinarity is the approach for
combining-cum-transcending disciplines in integrative, cre-
ative, “emergent” ways, heterarchy is both a heuristic metaphor
and a potential analytic framework for operationalizing and
managing such an approach.

In less abstract terms, our earlier description of the
CAPS foreshadowed a heterarchical frame of that trans-
disciplinary team. First, the Center’s NIH center grant
had made it possible to distribute resources for re-
search and training over time and space. Second,
changes in leadership have underlined that “rankings”
of staff and discipline are constructively fluid. Third, as
a central corollary, no discipline or perspective has
permanent authorization over any others. As Chesney
and Coates® point out, the Center has been the hub

JThis quote comes from the Wikipedia entry for “heterarchy.” Appro-
priately so, given another part of that entry—“A heterarchical struc-
ture processes more information more effectively than hierarchical
design. An example of the potential effectiveness of heterarchy would
be the rapid growth of the heterarchical Wikipedia project in
comparison with the failed growth of the Nupedia project. Heterar-
chy increasingly trumps hierarchy as complexity and rate of change
increase.” See also Crumley (2007).%°
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from which change has emanated—changes in leader-
ship, investigators, research topics, and funding. The
overarching focus has been on the process that leads to
the most dynamic yet flexible operational style for
examining the many levels and dimensions of HIV/
AIDS prevention and control, from biomedical to
public outreach, from the U.S. to many other coun-
tries. CAPS, in other words, is more than a network;
it is a heterarchical arrangement of people and
projects where processes supporting innovation are
paramount.

Our extension of the concept of heterarchy moves it
from analysis of complex social systems per se to the
realm of organizational arrangements that can enhance
the capacity to conduct and sustain team science
around multi-level, multi-layered health issues located
in dynamic social and cultural contexts. Drawing from
the field of management science, where heterarchy is
used as an analytical concept for research on corporate
effectiveness,”””"* and prompted by CAPS and other
case studies in Kessel et al.,?” we propose some initial
guidelines for the understanding and assessment of
team science capacity:

= establish degrees of flexibility in ranking of leaders,
disciplines, and topics in the conduct, sequencing
and re-sequencing of research activities';

= assess resilience in responding to changing condi-
tions that require re-thinking basic premises (theo-
retical or methodologic), as well as effectiveness in
communicating those changes to different constitu-
encies; and

= assess team effectiveness in bridging multiple con-
texts within the same geographic site or across sites.

Finally, with such starting guidelines in mind, and
given that NIH has developed a series of flexible
funding mechanisms to facilitate complex research
endeavors, we suggest that a creative next step in the
process of conceptualizing and evaluating transdisci-
plinary team science would be to bring together scien-
tists conducting boundary-crossing research and schol-
ars engaged in elucidating the concept of heterarchy.
One primary purpose of such a conversation would be
to continue clarifying and sharpening the distinctions—
in principle and practice—among multidisciplinary,
interdisciplinary, and transdisciplinary research. More
broadly, the goal would be to shape reflective substan-
tive and organizational practices on the part of the next
generation of transdisciplinary team scientists commit-
ted to examining the cultural and social systems in

“From 1999 to 2001 the Center for Organizational Innovation at
Columbia University held a “Heterarchy Seminar”. And von Goldam-
mer et al.?” have applied the concept of heterarchy to decision-
making in multiple contexts.

von Goldammer et al.* refer to this as “reverse osmosis” of the
research process.
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which biomedical health conditions are reciprocally
and, indeed, heterarchically situated.™

Dan Stokols and his colleagues Kara Hall, Rick Moser, and
Brandie Taylor exemplify the gold standard in cross-disciplinary
collaboration. We greatly appreciate, and value, their gener-
ous and creative collegiality.

No financial disclosures were reported by the authors of
this paper.
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Of Mice and Mentors

Developing Cyber-Infrastructure to Support Transdisciplinary

Scientific Collaboration
Bradford W. Hesse, PhD

Introduction

hen Douglas Engelbart of the Stanford Re-

search Institute (SRI) began refinements on

an input device to simplify access to comput-
ing systems in 1962, he was setting into motion a
cascade of events that would ultimately alter the ways in
which scientists worked together. Colloquially, Engelbart
referred to his prototype pointing device as a “mouse,” a
name he gave to the handheld unit when observing that
the cord coming out of the back-end looked distinctively
similar to a tail (the technical name for the patent was the
XY Position Indicator for a Display System). Most
computer users today recognize the mouse as a main-
stay of graphical user computing: a way of pointing,
clicking, and dragging “virtual” objects onto either a
personal or shared workspace. What users do not
recognize is that the invention came out of a radically
new way of thinking about knowledge and science.

The Mouse That Roared

What Engelbart and his colleagues set out to do in 1962
was alter the social cognitive environment, or social
ecology,"” in which an “augmented™ science would
take place. Unabashedly, the group had been influ-
enced by the writings of Benjamin Lee Whorf,* who
suggested that language as a human invention could
influence the sophistication of thought: The better and
more complete the system for symbolic representation,
the better and more sophisticated the intellect it en-
abled.*® Engelbart and his colleagues reasoned that
electronic computer systems represented a natural ex-
tension of this thinking, as electronic systems were
themselves frameworks for organizing symbolic repre-
sentations. If the systems could be engineered cor-
rectly, they could be used to extend capacity in science.
Recognizing that systems and science must co-evolve,
the group introduced the term bootstrapping *” (liter-
ally, to lift oneself up by the bootstraps) to convey a
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feeling for the iterative course this co-evolution must
take.

The mouse was one of the first tools for thought® that
the group bootstrapped into operation among a select
group of scientists in what would come to be known as
Silicon Valley.” Its purpose was to operate hand-in-hand
with a system designed to portray computer data graph-
ically on a screen, and thus give users access and
control to a sophisticated set of underlying data pat-
terns in ways that were enlightening and accessible.
Using a mouse, the group reasoned, an architect could
interact directly with a blueprint for an architectural
design on the screen—a metaphor that was more
comfortable and understandable than columns of
architectural data arrayed in tables.” In the context
of preventive medicine, an epidemiologist could inter-
act directly with an interactively arrayed map of disease-
registry data, looking for disease clusters or signals of
outbreak.® Both of these ideas may seem common-
place today, but at the time the concept was quite
revolutionary.

Another tool introduced by these early cyber-system
pioneers was the concept of hypertext.” The concept was
relatively simple. Most language is processed in a linear
fashion, but new concepts are formed by making con-
nections between linear strands of logical thought. The
hypertext link was introduced as a mechanism for
referring a reader to related information instanta-
neously at the click of the mouse. Although the use of
hypertext gained only nominal popularity in per-
sonal computing systems, the real power of the
mechanism became apparent once the global hyper-
text linking project, now known as the World Wide
Web, matured. Soon, the basic functionality of hyper-
text was allowing scientists to build off each other’s
work in unprecedented ways, clicking from one docu-
ment to the next in pursuit of a hyperlinked thread of
continuous thought.

A third defining component of the framework was to
enable better collaboration among scientists using on-
line computer-supported cooperative work (CSCW)
environments.'”!'" Also called co-laboratories (connoting
a shared laboratory) or collaboratories (connoting a place
for online collaboration), these online spaces sup-
ported researchers located in different parts of the
country and in different time zones as they worked
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together in virtual space.m_14 Indeed, completion of
the human genome mapping project—one of the most
ambitious examples of distributed team science in
history—may have been made possible only by the
collaborative information infrastructures put in place
by biomedical informaticians.

Using Cyber-Infrastructure to Make Team Science
Smarter

Early experiments in CSCW environments have had a
mixed influence on scientific collaboration.'®'® On the
positive side, scientists who took early advantage of
online systems published more prolifically, made more
community contacts, and were more successful at re-
questing use of shared resources than those who were
not online.!” On the negative side, collaborative infor-
mation environments were clearly not suited for all
tasks. Virtual environments could never replace real-
world social environments, synchrony, and propinquity
in supporting the full gamut of collaborative activi-
ties.'>1>1819 Regardless of individual costs and bene-
fits, new forms of work began proliferating'® as individ-
ual scientists learned how to query the community as a
whole and began coordinating the use of shared, but
distant resources in both real and delayed time.'®

In 2005, authors of a report by the Pew Charitable
Trusts declared that online computing—the mouse,
hypertext, and computer-supported collaboration—
had made its way into the fabric of everyday life.*” The
Internet was no longer an experimental technology
waiting for adoption; it was the “new normal.” It had
insinuated itself as an inseparable dimension of daily
work life, and for many professionals it was altering the
rules of engagement in substantive and life-altering
ways. New York Times reporter Thomas Friedman quipped
that many of the substantive changes brought about by
diffusion of the Internet seemed to be happening “while
we were all sleeping”; yet the changes are so monumen-
tal they are reshaping the ways in which wealth and
power are distributed throughout the world.*!

Normal science, as a collective enterprise, is experi-
encing the impact of the new normal firsthand. As
Nobel Laureate and Cal Tech President David Balti-
more declared when reflecting on changes within the
biological community:

Biology is today an information science. The
output of the system, the mechanics of life, are
encoded in a digital medium and read out by a
series of reading heads. Biology is no longer solely
the province of the small laboratory. Contribu-
tions come from many directions.??

In other words, the fabric of biological science has
been permanently altered by the thinking enabled
through augmentative information technologies. The
life sciences, like many other sciences, are reorganizing
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themselves along multidisciplinary lines in order to
grapple with this new perceived reality.

Grid Computing

One of the core developments in this new era of
thinking is the concept of grid computing. In April 2005,
the American Psychological Association ran a feature
article in the APA Monitor quoting a University of
Chicago professor who observed that the world appears
to be quickly dividing into two camps: those who know
about grid computing, and those who do not.*> Those
who know about grid computing understand that whole
scientific communities have been working to assemble
their data structures into an inter-operable lattice of
mutually accessible collections of data, tools, and re-
sources.?* Users of this lattice, or grid, can share
resources with each other in order to answer questions
that are bigger than what any one single laboratory
could solve. Consider how output from thousands of
remote sensing devices can be brought together to give
geophysicists an unfolding view of global climate
change. Or consider how biomedical researchers can
channel the terabytes of data collected around the
human genome to unlock windows of opportunity for
medical intervention. These large-scale, team-science
tasks are enabled by the architectures underlying grid
computing.**~*°

Such is the rationale behind the National Cancer
Institute (NCI)’s investment in caBIG (the cancer
Biomedical Informatics Grid).*>?” Funded originally as
an ambitious pilot project, the caBIG infrastructure
project is working to provide scientists distributed
throughout the NCI's Comprehensive Cancer Centers
a common way of accumulating and analyzing data on
intracellular processes; clinical manifestations; epide-
miologic prevalence, mortality, and incidence; and
treatment efficacy. The goal is to accelerate connec-
tions in knowledge needed to attack the multi-pronged
challenge of cancer from the perspectives of preven-
tion, early detection, diagnosis, treatment, and the
long-term management of cancer as a chronic condi-
tion.?>?” Ultimately, the purpose of the caBIG and
other grid systems is to co-evolve new tools for thought
to match the scope and complexity of science at the
beginning of the 2Ist century. Some of the functional-
ity encompassed by those tools is worth listing.

Transdisciplinary Discovery

New iterations of computer infrastructure, or cyber-
infrastructure, are being funded by the National Sci-
ence Foundation to support the high-performance
computing needed to analyze complex, multidisci-
plinary relationships. The goal is to develop a new
evolution of information infrastructure that will be
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“human-centered, world class, supportive of broadened
participation in science and engineering, sustainable,
and stable but extensible.”?® Once in place, the ex-
panded resolution of these interconnected and multi-
level data sets should open up a new era of discovery in
which variables that have never been crossed before are
juxtaposed in transdisciplinary analyses.”® New and
advanced data mining techniques are being introduced
that can help accelerate the discovery of relationships
based on applications of artificial intelligence and
machine learning.29 Understanding the relationship
between genes and environment, overcoming health
disparities, addressing the multiplex issues of cancer
control and prevention are all areas of new discovery
enabled by cyber-infrastructure.

Visualization

In the health sciences, efforts are underway to develop
tools that can inform the gamut of transdisciplinary
analyses from “cells to society.”®” At the cellular level,
imaging software is being developed that will allow
researchers to visualize macromolecular structures in
3-D, and to manipulate them in real time to reveal
hidden aspects of the structure.?® At the societal level,
work is being done by the Open Geospatial Consortium
(www.opengeospatial.org/) to develop standards for
linking data sets with geographic descriptors. The re-
sulting grid will allow GIS researchers to array anything
from disease incidence measures to health knowledge
measures geographically on a map.?* The purpose will
be to transform the ways in which health scientists, the
public, and policymakers think about complex issues by
using the power of cyber-infrastructure to make new
graphic relationships accessible through powerful im-
aging techniques.”’

Fusion

By some accounts, discussions in the 1970s were fo-
cused on the anticipation that there would simply not
be enough data to fulfill the promise of advanced
computing capabilities. Today, some say, we are “sur-
veying ourselves to death;” that we have more data
than we know how to handle and as a result we spend
very little of our time integrating findings across data
sources.?® At the very least, this means that we are
missing lost opportunities for discovery and decision
making. More disconcertedly, we are wasting millions
of scarce research dollars on data that are never
connected, that never contribute jointly to solving a
new but common analytic problem, and that simply
stagnate or go unused. Cyber-infrastructure allows for
the fusion of related, but heretofore disconnected, data
sources.
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Decision Support

In previous generations of scientific research, decisions
about design and methodology were usually left up to
individual researchers operating within isolated labora-
tories and dependent on the glacial pace of print-text
publishing for information from the field. With the
advent of the first generation of online collaboratories,
scientists began making decisions about the future direc-
tions of their research based on the tacit knowledge of
scientific colleagues shared online.'*'* Digital libraries
now make it possible to scan the full history of some
disciplines with a few simple search terms. Evolution of
the digital object identifier (DOI) made it possible for
scientists to cross literatures online, jumping through a
hyperlink to an online version of an article from the cited
reference of another.”® The development of Web 2.0
technologies (i.e., social computing) is driving this trend
further by opening up an online “commons” of scientific
knowledge built by volunteers from all stripes and areas of
research, the most well known experiment of this type
being the online knowledge repository Wikipedia.* Sim-
ilarly, Google Scholar™ is an example of an online search
engine that was designed to cross disciplinary silos in
retrieving publications.

Policymaking

Changing public policy is often difficult. It requires a
honed, persuasive argument relying on credible evi-
dence to persuade and instruct.>* Once a year, organiz-
ers of the Technology, Entertainment, and Design
(TED) conference in Monterrey, California invite
world-renowned speakers to give “the talk of their lives”
(videos are archived and made available to the public at
www.TED.com). In February 2006, organizers invited
global health expert Hans Rosling to speak at the
conference. Using data he had assembled from public
health institutions around the world, Rosling gave an
engaging presentation that served to shatter audience
myths about the nature of poverty, health, and mortal-
ity in the Third World. Those data are already driving
discussions among policymakers within the European
Union, and are generating discussions in policy circles
around the globe and illustrate how data synthesis can
play an important role in policy change and policymak-
ing. Using the power of connected data sources, scientists
can make more compelling arguments to policymakers.

Using Team Science to Make Cyber-Infrastructure
More Useful

The promise of grid computing is nothing more than
audacious. To create an infrastructure for sharing
resources openly in an unfettered information environ-
ment across disciplines requires a significant change in
culture and incentives. Many less ambitious projects
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have failed precisely because they did not take into
account the incentives and social structures needed to
support successful collaboration.>'"'> In short, these
projects failed, not because of technologic problems,
but because network designers failed to heed the
lessons learned from team science. In contrast, many
examples of success with technologically inferior sys-
tems exist precisely because team members were willing
to think creatively in devising workarounds for the
shortcomings of the technology.”>*® These projects
were successful because of the power of creative
collaboration.

The story of cyber-infrastructure, then, lies as much in
the study of team science—in collaboration readiness—as
it does in the study of new technology—in technology
readiness.'” In this way, the discussions encapsulated in
this special issue are especially relevant to the task of
building a world-class computer infrastructure for ad-
vancing scientific goals. The discussion of evaluation, for
example, is directly pertinent to the system designer’s
ongoing goal of optimizing output. As the science of
transdisciplinary evaluation evolves,®” robust but infor-
mative evaluation strategies can be put in place to
ensure that the social and technical subsystems®® of an
online science environment work together to meet
intended project goals.'>?

Likewise, if the benefits from massive data structures
interconnected through grid architectures are to mate-
rialize, they will come about because of the readiness
and willingness of the scientific community to behave
in transdisciplinary ways.37 Research funding agencies
and academic policymakers can nurture that process by
offering incentives to change the context in which
scientific collaboration occurs.” Collaborative leaders™
in preventive medicine can, and should, emerge to
help structure the foundations for mass collaboration™
needed to solve problems of unprecedented complex-
ity in an increasingly connected global environment.

Most importantly, mentors are needed who can take
the challenge of modeling new behaviors at a time
when the norms of scientific productivity and quality
are uncertain. The task will be to move forward with
eyes wide open, restructuring their teaching efforts to
take full advantage of investments in team science and
cyber-infrastructure, while clinging tenaciously to the
principles of quality and evidence that must inherently
govern scientific collaboration.

No financial disclosures were reported by the author of this
paper.
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Future Directions of the Science of Team Science

Toward Cross-Sectoral Team Science

Bern Shen, MD, MPhil

Introduction

he papers in this supplement to the American

Jowrnal of Preventive Medicine'™" reflect the growing

awareness that in an age of open-source innova-
tion and collaboration, it has become increasingly
urgent to understand when and how to foster and
enhance transdisciplinary research in fields including
prevention and public health. Collaborative approaches
make sense in these fields because many of the prob-
lems are complex, require action across traditional
boundaries or communities of interest, and are suscep-
tible to “tragedy of the commons”'® and “free rider”
issues. Heterosis, better known in high school biology as
hybrid vigor, can arguably apply equally to public
health and research programs as to strains of corn, and
combining the best from several approaches may well
help to transform current research structures and in-
centives to better enable so-called team science to fulfill
its promise.

The NIH and National Academies, among other
groups, increasingly have recognized the usefulness of
interdisciplinary and collaborative approaches to com-
plex problems."”” To be sure, these have potential
downsides or limitations; for example, Yale psychologist
Irving Janis’s concept of “groupthink,”'® Fred Brooks’
point in The Mythical Man-Month'® that increasing the
size of a project team can perversely incur crippling
inefficiencies and coordination costs; or the difficulties
in the training, promotion, and retention of scholars
who don’t fit neatly within existing departmental
boundaries.?’ For the most part, however, two heads
are better than one, the wisdom of crowds®' trumps
that of most individuals, and tackling complex research
questions from multiple angles confers advantage.

Thus, while many academic research groups, for-
profit companies, and even philanthropies still largely
operate in an insular, competitive mode, a few notable
exceptions are exploring—and finding success in—
alternative models. Examples of these collaborative,
cross-sectoral efforts in biomedical science include var-
ious recipients of the NIH “P” series grants; the SNP
(single nucleotide polymorphism) Consortium and
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HapMap Project; the BioBricks Foundation; the Public
Library of Science; and similar initiatives in Canada®?
and the European Union.** Others with more of a
public health flavor include the NIH exploratory cen-
ters for interdisciplinary research®® and its program on
public—private partnerships,” the Grand Challenges
for Global Health initiative,?® and the WHO-sponsored
Medicines for Malaria Venture.?” Well-known examples
in industry include InnoCentive,?® which posts prob-
lems from “seekers” and awards bounties to “solvers”;
and P&G’s Connect + Develop program,” which fos-
ters external sources of product ideas.

Of course, the term collaborative research is a broad
rubric, and this article will not discuss, for example,
efforts such as Folding@home or FightAIDS@home,
which use spare computing power donated by thou-
sands of individuals around the world to enable pow-
erful computing platforms for molecular modeling and
drug discovery.”” Rather, we will focus on three concep-
tual dimensions reflected in the rapidly expanding
literature on research collaborations:

Team: collaborations across laboratories or institutions;

Approach: collaborations across disciplines, whether
the approach is multidisciplinary, interdisciplinary, or
transdisciplinary; and

Goal: collaboration across translational stage, that is,
the spectrum from basic research through applied
research or development, to sustainable implementa-
tion or commercialization.

These TAG dimensions are illustrated in Figure 1,
and are elaborated below.

In Figure 1, three dimensions of collaboration define
a space in which we can locate various types of research
efforts. Point A represents a minimally collaborative,
somewhat traditional model of basic research within a
single discipline, and laboratory or institution. In con-
trast, Point B denotes a multi-institutional research
collaboration within a single discipline, as often occurs
among professional colleagues who happen to be lo-
cated in different labs or universities. Similarly, Point C
indicates a multidisciplinary/interdisciplinary collabo-
ration within a single institution, for example, experts
in public health, law, and behavioral science working
together to study issues around tobacco advertising.

While the above points are located in the “back
plane” of the diagram, representing predominantly
academic research with little intention to translate into
large-scale, sustainable implementations or commer-
cialization, other points “in front” of this back plane
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Approach:
Across disciplines

T

Co
E(

ernment funding agen-
cies, private corporations,
foundations, and nongov-
ernmental organizations
are described in the pro-
ceedings of the 2007 Na-
tional Cancer Institute
Conference on the Future
of Consumer Health Infor-
mation Technologies.*®
What are some specific
strategies for encouraging
and implementing collab-
orative research? In the

A

Goal:

Across translational
stages (research,
development,

commercializatic;m/

D

________ E@ academic sphere, a 2004
T > survey by the National
eam: Academies suggested that

. Across institutions | .
. interdisciplinary research

could best be promoted
by fostering a collabora-
tive environment, provid-

Figure 1. Dimensions of collaboration

represent efforts along the spectrum of translation,
from basic research through applied research, to the
development and scaling up of actual products or
solutions. Point D, for example, could represent a
project in a traditional industrial central research lab or
a clinical process—improvement group, in which the
work occurs more or less within a single discipline and
within a single institution, but aims to build from basic or
applied research to create a real-world intervention or
solution. Point E, on the other hand, might describe a
traditional commercial product-development effort, in
which several disciplines (e.g., ethnography, design,
engineering, legal/regulatory, marketing, and sales)
are brought to bear on getting a product onto the
market. Finally, Point F would represent a multi-
institutional, multidisciplinary/interdisciplinary collabo-
ration across translational stages, as the two dozen NIH-
sponsored Clinical and Translational Science Awards
(CTSA)*! centers or numerous small business innova-
tion research (SBIR) grant recipients are beginning
to exemplify.

Since the inherent nature of prevention and public
health tends to produce pragmatic, implementable
solutions linked to measurable improvements in popu-
lation outcomes, research in those fields tends to move
off of the back plane of Figure 1, in contrast to
academic disciplines in which, as Chesbrough observes,
“unsurprisingly, when an organization rewards the
quantity of patents or papers produced, the R&D organi-
zation responds by generating a large number of patents
or papers, with little regard as to their eventual business
relevance.”” Additional impediments to establishing
crosssectoral collaborations among universities, gov-
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ing faculty incentives (in-
cluding hiring and tenure
policies), and providing
seed money for interdisciplinary pilots.”* In the for-
profit sphere, companies have collaborated with univer-
sities over the years, supporting path-finding research
through grants, donations in kind, bidirectional intern-
ships or sabbaticals, and even setting up “lablets” on or
adjacent to university campuses.”” Intel’s Digital Health
group has built on this history and has implemented a
“research commons” model along with a number of
universities. The reasoning is that one way to accelerate
progress in an emerging field is to reduce unnecessary
redundancy. Under this arrangement, research groups
at different universities each chip in and cross-license
tools and technology; original inventors retain rights
over their intellectual property, but in the meantime,
investigators don’t have to spend (for example) the first
3 years of a 4-year grant re-inventing technology that
already exists at another university before getting to the
outcome studies that are the actual point of interest.
In addition to academia, industry, and government, at
least two other categories of new entrants and partners are
entering the research ecosystem. One category includes
consumers or patients themselves, who can contribute
to Web 2.0 initiatives® such as “crowdsourcing,” user-
generated content, and self-organization into patient
advocacy and support groups. The other, partially
overlapping, category of new research partners is pri-
vate philanthropy. With an estimated $300 billion in
philanthropic contributions in the U.S. in 2006, of
which roughly 17% were to medical institutions,*® even
if only a fraction of this flows to research, philanthro-
pies represent a source of funding not far behind the
$28 billion annual NIH budget.”” Donor-sponsored
research, while not uncontroversial, has injected new
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funds and energy into particular disease areas and can
complement federal research funding to help focus on
public health issues, support transdisciplinary research,
fund infrastructure and overhead, and encourage new
organizational structures.*®*’

Looking ahead, it seems likely that the blurring of
institutional, disciplinary, and translational boundaries
by various TAG teams comprising diverse combinations
of researchers, industry partners, patients, and philan-
thropies will spawn new research arrangements, accel-
erate discovery, and ultimately improve population
health outcomes. The papers in this supplement mark
some of the early milestones in that evolution.

No financial disclosures were reported by the author of this
paper.
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Moving the Science of Team Science Forward
Collaboration and Creativity

Kara L. Hall, PhD, Annie X. Feng, EdD, Richard P. Moser, PhD, Daniel Stokols, PhD, Brandie K. Taylor, MA

Abstract:

Teams of scientists representing diverse disciplines are often brought together for purposes
of better understanding and, ultimately, resolving urgent public health and environmental
problems. Likewise, the emerging field of the science of team science draws on diverse
disciplinary perspectives to better understand and enhance the processes and outcomes of
scientific collaboration. In this supplement to the American Journal of Preventive Medicine,
leading scholars in the nascent field of team science have come together with a
common goal of advancing the field with new models, methods, and measures. This
summary article highlights key themes reflected in the supplement and identifies
several promising directions for future research organized around the following broad
challenges: (1) operationalizing cross-disciplinary team science and training more clearly;
(2) conceptualizing the multiple dimensions of readiness for team science; (3) ensuring
the sustainability of transdisciplinary team science; (4) developing more effective models
and strategies for training transdisciplinary scientists; (5) creating and validating improved
models, methods, and measures for evaluating team science; and (6) fostering transdisci-
plinary cross-sector partnerships. A call to action is made to leaders from the research,
funding, and practice sectors to embrace strategies of creativity and innovation in a
collective effort to move the field forward, which may not only advance the science of team
science but, ultimately, public health science and practice.

(Am ] Prev Med 2008;35(2S):5243-5249) © 2008 American Journal of Preventive Medicine

Introduction

he emerging field of the science of team science

draws together diverse disciplines to better un-

derstand and inform the collaborative processes
and outcomes of team science. Team science can be
conducted within a single, focused discipline, or can
span different disciplines. The degree of variation
across disciplines, as well as the breadth of levels of
analysis (from cells to society), can affect the size and
complexity of a given team. As such, the degree of
complexity of a given problem that a team tackles can,
in turn, influence the breadth and degree of the
integration of disciplinary knowledge needed to ex-
plain or solve that problem. In the authors’ view, the
nascent field of the science of team science is currently
in a descriptive or taxonomic phase of its development,
during which key terms are being debated and defined
as well as operationalized in specific contexts, and are
being integrated into broader conceptual frame-
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works."® This supplement to the American Journal of
Preventive Medicine seeks to consolidate recent work in
this field by assessing a variety of conceptual issues that
must be addressed as a basis for informing future team
science initiatives—for instance, examining ways to
categorize and measure collaborative efforts; develop-
ing models to conceptualize key aspects of the field;
and devising strategies to enhance, support, and sustain
team science projects.

During both the 2006 conference® and the develop-
ment of this supplement, a variety of themes emerged
that revealed knowledge gaps in the field and stimu-
lated ideas and dialogues to guide future research.
These themes pertain to: (1) the challenges associated
with distinguishing between and empirically operational-
izing unidisciplinary and cross-disciplinary approaches to
team science and training; (2) the efforts to integrate
alternative conceptualizations of multilevel readiness
for team science; (3) the development of strategies
for ensuring the sustainability of transdisciplinary
team science; (4) the need to create new models and
practical strategies for training transdisciplinary sci-
entists; (5) the development of new models, meth-
ods, and measures for evaluating the processes and
outcomes of team science; and (6) the forging of new
transdisciplinary partnerships among universities,
governmental agencies, nongovernmental organiza-
tions (NGOs), private foundations, and corporations.
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Toward an Integrative Taxonomy of Team Science

A central focus, to date, in the taxonomy of team
science relates to the number of disciplines involved in
a team and the kinds of interactions that occur across
different disciplines. As is evident from a number of the
articles included in this supplement,"** the predomi-
nant conceptualization thus far has been Rosenfield’s”
definitions of and distinctions among unidisciplinary,
multidisciplinary, interdisciplinary, and transdisciplinary
collaborations.

Although this supplement’s primary focus is on trans-
disciplinary team science, there is not yet an agreed-
upon definition of transdisciplinarity. In addition to
the discrepancies among different definitions of trans-
disciplinarity, there is also considerable debate about
whether or not distinct differences exist between inter-
disciplinarity and transdisciplinarity. In funding, in
practice, in research, and in scholarly writing, the terms
interdisciplinary and transdisciplinary have been used
interchangeably, referencing both similar and different
connotations in various settings. Some scholars suggest
that there are no differences among multidisciplinary,
interdisciplinary, and transdisciplinary approaches to
research.® The plurality of definitions and operational-
izations of these concepts are embedded within the
different perspectives and circumstances in which col-
laborative sciences are conducted. For instance, Rosen-
field’s definitions’ of interdisciplinary and transdisci-
plinary science describe research collaborations in
which the intended scientific outcomes focus on a
common problem (e.g., obesity), whereas the NIH
Roadmap for Medical Research®’ describes interdisci-
plinary research more broadly as involving the creation
of hybrid disciplines (e.g., biochemistry, psychoneuro-
immunology). Furthermore, greater clarity is needed
with regard to the dimensions underlying the concept
of scientific discipline (typically defined in terms of its
substantive concerns, methodologic approaches, and
level of analysis) to help further elucidate what is meant
by unidisciplinary, multidisciplinary, interdisciplinary,
and transdisciplinary science. Another facet of team
science pertains to the definition and implementation
of transdisciplinary action research, which involves collab-
orations among scientists and practitioners.® For exam-
ple, in the field of social work, the term interprofession-
alism has been used to describe cross-disciplinary
endeavors that bridge the work of researchers with
practitioners.”

Such variations in definitions and operationalizations
of key terms can result in highly divergent measure-
ment approaches to evaluating team science, which are
likely to perpetuate confusion in the literature and
impede progress in the science of team science.' In
order to build a field with a strong science base that can
be synthesized and generalized, greater clarity in basic
terminology is essential for establishing a strong foun-
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dation for future studies. To better understand and
evaluate the value-added qualities of transdisciplinary
science, it is important that researchers in this area
work together to cultivate common ground as they
establish shared theoretical frameworks and measure-
ment strategies that can be used to guide future team
science endeavors.

Some of the articles in this supplement suggest that the
distinctions between interdisciplinary and transdisci-
plinary research become more pronounced when viewed
from the alternative vantage points of basic biomedical
versus behavioral sciences.!®!! To date, much of the
conceptualization and investigation around interdiscipli-
nary and transdisciplinary collaboration processes and
outcomes has been led by behavioral scientists, and, as
such, many of the evaluation strategies use behavioral
methodologies (e.g., selfreport surveys, latent variable
analyses). It is clear that the study of cross-disciplinary
team science (i.e., the science of team science) must bring
together diverse perspectives from all levels of analysis to
foster the development of a full spectrum of conceptual,
theoretical, and methodologic innovations spanning
multiple disciplinary boundaries. This can occur, for
example, by utilizing qualitative methods to learn more
about the different goals and motivations that prompt
cross-disciplinary collaborations (e.g., collaborations
based on the sharing of expensive laboratory equip-
ment or specimen analyses versus those organized
around the integration of intellectual ideas and frame-
works spanning two or more fields); these findings can
be used to develop rich conceptual and theoretical
models and then can be tested in subsequent studies
examining team science collaborations.

Much of the work discussed in this supplement revolves
around large cross-disciplinary research initiatives.'*™"*
This emphasis on large-scale, cross-disciplinary initiatives
neglects several important questions. For instance, what
kinds of team science programs have been pursued
outside of this context? What is known about unidisci-
plinary team science? How does unidisciplinary team
science compare to other types of cross-disciplinary
team science collaborations (e.g., multidisciplinary, in-
terdisciplinary, or transdisciplinary research) in its ef-
forts to effectively and efficiently solve complex health
problems? What basic principles are transferable to
cross-disciplinary science? What are the challenges that
distinguish unidisciplinary team science from cross-
disciplinary team science? What can be learned from
smaller-scale, cross-disciplinary—and more specifically,
transdisciplinary—initiatives?'”> For instance, could
smaller team science endeavors have fewer infrastruc-
ture constraints or less “drag” and, hence, greater
flexibility and sustainability—resulting in increased cre-
ativity and efficiency?'®!” Furthermore, can terms be
developed that capture all types of cross-disciplinary team
science (including multidisciplinary, interdisciplinary,
and transdisciplinary sole-investigator, as well as collabo-
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rative, projects)? Is there a need to have different terms
for team science that incorporate areas outside of aca-
demia, such as community-based participatory research or
dissemination and implementation science?®182

Team Science Readiness from a
Social-Ecologic Perspective

Another important theme reflected in several articles
in this supplement is the conceptualization and mea-
surement of readiness for collaboration. This facet of
team science has been conceptualized and measured in
a variety of ways—for instance, in terms of individual
and group research orientations, organizational and
technologic resources that enhance the capacity for
collaboration,“’m’]7 and the scientific readiness of dif-
ferent fields for collaborative integration.'"*!

Stokols et al.'” identified collaboration-readiness fac-
tors nested within a social-ecologic framework, includ-
ing factors such as shifts in individuals’ research orien-
tations and their attitudes toward collaboration'?; the
availability of specific communication tools and cyber-
infrastructural resources®”; and funding agencies’ will-
ingness to invest in center-based, multiple-principal
investigator grants.'” In an increasingly globalized
world, the demands for cross-national collaborations in
health science, engineering, and technology will con-
tinue to grow. Also, as funding streams diminish, the
need to coordinate and integrate health research ef-
forts among academic institutions, government agen-
cies, private corporations, and foundations will become
increasingly important.*'®?"** How can these sectors
be brought together effectively and work toward the
common goal of improving human health? What are
the specific collaborative challenges inherent in collab-
orations that span multiple sectors?

Klein' in this supplement discussed the international
scope of research on team science. The identification
and implementation of the most effective strategies for
enhancing global collaboration in the expanding do-
main of team science have yet to be further explored.
Ensuring the success of transdisciplinary team science

“As noted by Stokols et al.? and Trochim et al.,'? large-scale transdis-
ciplinary team science includes initiatives such as those that provide
$5 million per center over the course of 5 years. These initiatives
typically include 5-8 funded centers often networked through the
efforts of NIH staff or a separate coordination center to facilitate
cross-project and cross-center collaborations. Small-scale initiatives
provide less funding and entail less formal (if any) coordination of
cross-project and cross-team collaboration.

An example of a smaller-scale initiative is the Robert Wood
Johnson Foundation’s Active Living Research program,?” which
has accepted small-scale applications with amounts ranging from
$25,000 for 1 year to $600,000 for 3 years. Total available award
amounts ranged from $500,000 to $3.5 million in a given year over
the first 7 years the program. Although the Active Living Research
program provides some logistical support and a yearly conference
to encourage knowledge sharing, these are primarily small grants
being conducted by independent and dispersed transdisciplinary
teams.
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in the global arena requires an understanding of and
sensitivity to cultural differences and their impact on
teamwork.

The authors propose that future research explicitly
consider multiple levels and dimensions of readiness
for transdisciplinary team science, nesting certain levels
within others and conducting in-depth case studies to
identify which types of readiness factors (e.g., psycho-
logical, interpersonal, organizational, societal, techno-
logic, scientific) exert the greatest influence on the
effectiveness of team science projects and initiatives. A
readiness framework can help generate appropriate
multilevel interventions to increase the success of trans-
disciplinary team science. For instance, at the interper-
sonal level, understanding a team’s readiness to engage
in group processes to create common ground, common
language, and shared goals can lead to the develop-
ment of workshop modules to foster improved commu-
nications skills and team cohesiveness.!” To date, eval-
uations of transdisciplinary initiatives have not given
much attention to the relative impact of these diverse
readiness factors on the effectiveness of team science,
nor have they identified either the role that these
readiness factors might have played in the successful
implementation of an initiative or the ways in which
multiple readiness factors jointly affect the processes
and outcomes associated with transdisciplinary team
science initiatives.

The Sustainability of Transdisciplinary Team Science

Critics of transdisciplinary team science, in addition
to being concerned about the volume of funds
directed toward transdisciplinary team science and
away from unidisciplinary research, contend that once
transdisciplinary-specific funding is removed from a
research group, center, or institution, the earlier col-
laborative efforts will not be sustained.?*?® To date, this
contention has not been tested directly by evaluating
whether transdisciplinary teams remain productive and
cohesive once their original sources of funding are
expended. Nonetheless, these critiques of team science
initiatives raise important questions about the continu-
ity of collaborative research ventures once they have
been initiated and funded for a determinate period
(usually 3-5 years, followed by a competitive review for
renewal funding).

How can a new model of transdisciplinary science
funding be created that can sustain team members’
efforts to develop integrative conceptual models and
methodologic approaches spanning multiple fields and
extended periods of collaboration (e.g., extending
10-15 years or longer)? What happens if funding of the
requisite long-term support for team science initiatives
is not maintained—will transdisciplinary science stag-
nate? Might a lack of long-term funding commitments
lead researchers to revert to more traditional small,
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incremental, scientific development processes? Can
substantial gains in cross-disciplinary integration and
translations to health practice be achieved through
small transdisciplinary science teams? Is small-scale
transdisciplinary science more sustainable with respect
to funding streams, or is large-scale transdisciplinary
science needed to create a critical mass of researchers
and infrastructure for the sustainability of transdisci-
plinary science? More specifically, are large, initiative-
based transdisciplinary science centers needed to en-
sure sufficient levels of multidisciplinary expertise to
propel collaborations—as well as theoretical and meth-
odologic advances—in resolving the most urgent soci-
etal health problems? How can grant-review processes
be redesigned to facilitate more rapid progress toward
transdisciplinary integration and to accommodate and
sustain the steadily increasing complexity of team sci-
ence?'®*® How can long-term partnerships be devel-
oped among government agencies, private industries,
not-for-profit organizations, philanthropies, and foun-
dations to ensure alternative but continuing support
for cross-disciplinary team sciences?'® What other insti-
tutional resources can be provided to encourage for-
ward momentum and to establish long-range incentives
for sustaining transdisciplinary team science?

Methods and measures to evaluate the sustainability
of transdisciplinary team science are also crucial. In the
context of the large transdisciplinary-center initiatives
described in this supplement, evaluative strategies to
assess the evidence of sustained productivity for centers
that received firstround funding but were not renewed
have yet to be implemented. In the context of funded
research networks, advanced network analysis techniques
might be considered to obtain comprehensive baseline
assessments of research networks and to track these
networks beyond their years of funding, assessing the
degree to which a given network has retained or ex-
panded its original set of investigators and the extent to
which those investigators are representative of diverse
disciplines. Moreover, assessments of a network’s
productivity—with respect to the extent that a network is
integrative and adaptable—are likely to be critical to
understanding its value-added contributions and sustain-
ability as a team science endeavor. The evaluation of a
network’s productivity may include, for example, assess-
ing the capacity of that network to successfully integrate
multiple levels and diverse disciplinary knowledge to solve
complex problems and to move into new areas of explo-
ration as current problems are resolved.

In addition to resources for infrastructure and fund-
ing that stimulate and maintain team science, training
is critical to the continuation of transdisciplinary team
science research agendas. Without a focus on training
the next generation of transdisciplinary researchers,
the long-range sustainability of transdisciplinary team
science is likely to be curtailed.
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Training and Transformation: Developing
Transdisciplinary Researchers

Transdisciplinary team science is still in the early phase
of its development. Models to guide the development
of transdisciplinary training curricula remain to be
developed and tested. Nash®’ in this supplement sum-
marizes various conceptual models for enhancing trans-
disciplinary training processes and outcomes that are
associated primarily with advanced graduate student-
and postdoctoral-level training. In addition to training
pre- and post-doctoral scholars, providing transdisci-
plinary training opportunities for senior investigators is
also important, as they are charged with mentoring as
well as with greater management responsibilities within
large research initiatives.”**’ Broader models of trans-
disciplinary training that encompass the needs of all
stakeholders including senior investigators, junior in-
vestigators, post-doctoral scholars, graduate students,
and research support staff should be incorporated into
the overall infrastructure of team science. Possible foci
of these expanded transdisciplinary training programs
include strategies for cultivating effective mentoring prac-
tices and leadership styles, interpersonal and managerial
skills, communication strategies, technologic expertise,
and coping strategies for information overload.'”

Moreover, an important purpose of the training
component of a transdisciplinary initiative is to develop
the pool of emerging transdisciplinary scientists. So
how are successful training processes and outcomes,
and related circumstances for success, to be identified?
What are the training elements that promote successful
mentoring and training experiences from the perspec-
tives of both trainees and mentors? Both retrospective
and prospective evaluations of the processes and out-
comes of transdisciplinary training at different stages of
an initiative should be incorporated within future team
science initiatives.

When considering the evaluation of transdisciplinary
training, Nash?” outlines some examples of the types of
metrics and time frames that would be useful for
capturing the quality, novelty, and scope of disciplinary
integration of the work completed by a trainee over
time. The development and application of reliable and
valid metrics to assess these dimensions are sorely
needed in the field. Quantitative and qualitative assess-
ments of the career trajectories of trainees in various
transdisciplinary science training programs can provide
a deeper understanding of the impact of different
training models and the ways in which transdisciplinary
trainees gain entry to various academic, government,
and private-sector positions, as well as whether their
transdisciplinary training leads to sustained transdisci-
plinary research efforts as they move forward with their
careers. For example, the assessment of trainees’ evolv-
ing research orientations over time can be used to
model and subsequently predict the relevant long-term
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career outcomes of these individuals.'**”*® Systemati-
cally tracking the career development trajectory of
transdisciplinary trainees over time and examining the
influence of earlier transdisciplinary training on their
subsequent productivity will ultimately help to gauge
the “returns” on team science investments at both
individual and societal levels.*®

Team Science Models and Methods

Several conceptual frameworks were presented in this
supplement to describe and evaluate the processes of
transdisciplinary team science."'*!*21:3%31 A major fo-
cus of these models has been on understanding the
factors that facilitate or constrain transdisciplinary team
science collaboration. The models have been drawn
from a variety of fields, such as sociology, ecology,
physics, and applied mathematics. Examples of the
models currently used to describe transdisciplinary
team science include the social-ecologic model,'® sys-
tems thinking and complexity theory,'® network analy-
sis,?” a social-determinants paradigm,®® and the heter-
archical analytic framework.” These models have been
used as programmatic frameworks for describing, orga-
nizing, and evaluating team science. Additionally, ef-
forts have been focused on an integrated transdisci-
plinary conceptual framework for understanding and
solving a problem at the early stage of team initiatives.
Examples of such efforts have been documented
through transdisciplinary research initiatives funded by
both private and public funders.**?*?

To date, important intellectual integration and sci-
entific breakthroughs have been achieved within trans-
disciplinary team science initiatives by focusing on
methodologic advances.'"* New transdisciplinary mea-
sures are showcased in the supplement.'*'**' With a
limited number of metrics available, many authors
called for new evaluative criteria to be developed—to
assess, for example, recently proposed models of trans-
disciplinary leadership and training®’** and to identify
valid short-term scientific outcomes.>®> Furthermore,
innovative research design strategies need to be utilized
and refined to overcome the remaining methodologic
challenges, such as identifying appropriate comparison
groups in the evaluation of transdisciplinary initia-
tives.”” The creative use of existing methods should be
encouraged, such as utilizing network analyses to more
clearly integrate theoretical constructs of team science
models and link them to relevant outcomes. Strategies
such as bibliometric analysis and mapping the productiv-
ity of a transdisciplinary initiative to the overall landscape
of scientific productivity of a field (e.g., tobacco-control
research) are currently in progress at the NIH. Utilizing
rigorous comparison-group designs, such bibliometric
studies also can be used to identify similarities and differ-
ences in the quantity and quality of research productivity
in both transdisciplinary science and traditional, individ-
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ually-oriented research efforts. Key goals of these studies
are to calibrate the potential value-added contributions of
transdisciplinary science and to enable a better under-
standing of how supportive orientations toward transdis-
ciplinary science (e.g., at the levels of individual investiga-
tors, research organizations, and funding agencies)
influence scientific productivity and the effectiveness of
health policies in the long run.

As more research in the area of interdisciplinary and
transdisciplinary research and training is funded, there
will be a growing need and opportunity for evaluating
transdisciplinary team science. In addition to the sys-
tematic development and testing of methods and mod-
els, both infrastructure and support should be devoted
to enabling such evaluations, which should include
both internal and external evaluations of research
programs and initiatives. The expansion of the Office
of Portfolio Analysis and Strategic Initiatives at NIH
continues to provide the opportunity for using internal
funds to evaluate NIH-funded activities—a forward
stride in building the capacity for evaluating and study-
ing team science within the funding agency. Innovative
funding mechanisms for supporting the evaluation of
transdisciplinary team science collaborations should
continue to be developed. Accordingly, budgetary allo-
cations for evaluation activities are included currently
in some funding mechanisms for large initiatives (e.g., the
Transdisciplinary Research on Energetics and Cancer
[TREC] initiative) that enables a coordination center to
lead evaluation activities.'” Separate or more clearly
dedicated funding streams for transdisciplinary pro-
gram evaluation, per se, would further support the
design and implementation of comprehensive transdis-
ciplinary science evaluation studies.'®'?

Forging New Transdisciplinary Partnerships
Across Sectors

An important direction for the science of team science
is to examine factors that facilitate or impede produc-
tive partnerships among the multiple sectors of society
that share an interest in sustaining transdisciplinary
research, training, knowledge translation, and dissemi-
nation for the purpose of improving public health. As
federal and state funding allocations for health re-
search are reduced by societal demands for nonhealth-
related investments (e.g., maintaining homeland secu-
rity, enhancing access to higher education among
low-income and minority groups), the development of
creative and productive partnerships among universi-
ties, government agencies, NGOs, private foundations,
and corporations aimed at cultivating and sustaining
public health research will become an increasingly
important task. Along those lines, a better understand-
ing is needed of the circumstances under which public
and private organizations are most likely to partner
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effectively to achieve shared public health goals. Gru-
man and Prager®® outline examples of facilitators of
effective partnerships among public research agencies
(such as NIH) and philanthropic organizations (such
as private health foundations); more work should be
done to utilize and expand these efforts.

Also, Shen'® in this supplement identifies conditions
under which private corporations interested in com-
mercializing health-related products might partner ef-
fectively with public funding agencies. At the same
time, however, more needs to be learned about the key
facilitators and constraints on effective public—private
partnerships aimed at promoting improved health
practices, products, and outcomes. For instance, it will
be important to develop strategies for removing barri-
ers that sometimes arise when corporate and public
entities make efforts to collaborate. Examples of these
barriers include scientists’ concerns that their work will
be distorted or tainted by market pressures as well as
the profitability interests of companies contributing
funding for the research, and corporate concerns that
much scholarly research is impractical, unusable, and
produced at a too-slow pace unsuitable for translation
to commercialized health products or to improved
health practices.

Conclusion
Moving Forward with Creativity

As described above, the science of team science is faced
with many challenges yet to be solved. How are the
value-added contributions of transdisciplinary science
best assessed? When is transdisciplinary science war-
ranted and when it is not, and how is that best decided?
How can transdisciplinary science be conducted in a
“smarter” manner? These questions ultimately lead to
other concerns about the fundamental structure and
culture in which science is conducted today and to
demands for solutions that are driven by creativity.
Current award mechanisms must be more creatively
assessed, along with their strengths and weaknesses,
with an understanding of the circumstances that indi-
cate when an award works or does not work; new
mechanisms to match current needs must be devel-
oped; more flexible infrastructures created; and a
diverse array of institutionalized award mechanisms
(such as the NIH P50 and U52 grants)37 institutional-
ized—all of which can be used to foster the develop-
ment of innovative transdisciplinary frameworks and
methodologies for research development, dissemina-
tion, and practice. Examples of such initiatives, the
Transdisciplinary Tobacco Use Research Centers—
funded by NIH—include: the Centers for Population
Health and Health Disparities, the Centers of Excel-
lence in Cancer Communication Research, and
TREC.'>'*7'* Additionally, the Clinical Translational
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Science Centers recently established by the National
Center for Research Resources via the NIH Roadmap to
promote the translation and dissemination of research
findings through innovative partnerships among health
scientists, practitioners, and community decision
makers.”®

The field needs to overcome the barriers between the
scientific research community and the utilization-oriented
private corporations to empower all stakeholders, scien-
tists, funders, policymakers, patients, and physicians—to
name but a few—in identifying urgent problems and
setting research agendas and priorities for the ultimate
benefit of the nation.'®*® Also needed is a culture that
promotes appreciation and recognition of team science
and that rewards team effort and contributions, nurtur-
ing a value system that encourages equitable research
arrangements and collective leadership/authorship
models.*** Further, the scientific community can con-
tribute to an appreciation of team effort and team
contributions by creating new cross-disciplinary jour-
nals and new criteria for tenure and promotion. Also to
be engaged are higher education accreditation organi-
zations, journal editors, review boards, funding agen-
cies, scientists, university presidents, and deans in pro-
moting and sustaining innovative and collaborative
partnerships among health scientists, community prac-
titioners, and policymakers.

As an increasing amount of funding has been allo-
cated for transdisciplinary team science, especially dur-
ing times of constrained budgets, critics have argued
that transdisciplinary initiatives take precious resources
away from more productive sole-investigator (and typi-
cally unidisciplinary) work.'”***> Systematic and rigor-
ous studies of the scientific and societal health impacts
of different funding mechanisms are warranted for the
next steps of team science development. The science of
team science can be advanced through systematic as-
sessments and a strong research agenda. But, more
importantly, a creative approach is needed to cultivate
a broader culture of integrated, heterarchical scientific
inquiry.” Boundaries must be pushed not only by the
development of new scientific models, methods, and
measures, but also by the initiation of organizational
innovations that create fundamental changes in the
ways scientists do business—changes that embrace mul-
tiple disciplines, sectors, and cultures; revolutionize
award mechanisms, funding streams, and publications;
and allow flexibility and fluidity to eliminate the con-
straints of rigid hierarchic structures®—to release tal-
ent bound by towers of tradition into a sea of creativity.
A new era of creativity and innovation in transdisci-
plinary science can be achieved through simultaneous
and coordinated efforts that remove collaborative bar-
riers and build new linkages across multiple sectors of
society and across spheres of research. In this new era
of creativity and innovation in transdisciplinary re-
search, current scientific research paradigms and infra-
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structures will be transformed in ways that enable the
world’s scientists to leverage global resources to resolve
the most pressing environmental and public health
problems of the 21st Century.

No financial disclosures were reported by the authors of this
paper.
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